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FLOW INDICATOR AND 
TRANSMITTER OR 


ECONOMICAL TOTALIZER 


V/A CELL 
KINETIC MANOMETER 


A direct connected differential pres- 
sure instrument. 


FEATURES 
@ No Mercury 
@ Linear Response 
@ Wide flow range 
(10-1 at 200” differential) 


The V/A Cell provides an entirely 
new approach to flow metering. 
Combining the advantages of the 
variable-area meter and the orifice 
meter, it eliminates the disadvan- 
tages of both. Itis a differential pres- 
sure instrument without the need 
for exterior purges, elabyrate mani- 
fold systems, mercury, condensate 
chambers, bellows, and seals. 

The V/A Cell is supplied in two 
models, for pressures up to 3000 psi, 
for temperatures up to 300° F. The 
instrument may be installed any- 
where up to 60 feet 

from the main-line 

orifice. 


SEND FOR 
CATALOG 42 


FISCHER & PORTER CO. 


HATBORO, PENNSYLVANIA, U, S. A, 


SALES ENGINEERING OFFICES 
THROUGHOUT THE WORLD 
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FOR SAFER 
CONTROL OF 


CHEMICAL FLUIDS 


USE THESE CRANE 
HEAVY DUTY ALL-IRON VALVES 


Crane Ferrosteel valves—recommended especially for 
ammonia service—are also ideal for process piping that 
requires heavy duty valves of all-iron and steel materials. 
Special Crane seating design and rugged construction 
combine to make these valves highly effective for safe 
and economical handling of hazardous or noxious liquids 
and gases. They minimize the danger of costly fluid losses 
with important features like these: 


TIGHT SEATING — two disc-seat combinations available: (1) spe- 
cial lead-faced disc and integral body seat rings; (2) steel 
disc and renewable steel seat rings. 


_ EXTRA-TIGHT STEM SEAL—Unusually deep stuffing box is filled 


with high grade packing. Machined “back seating” 
shoulder on stem relieves internal pressure on packing, 
further assuring a pressure-tight stem seal when valve is 
wide open. 


RUGGED CONSTRUCTION—Heavy, massive metal sections in 
body help resist distortion; long sweeping interior body 
contours reduce flow resistance. 


LEAKPROOF END CONNECTIONS —Flanged valves have tongue 
and groove faces for greater tightness and to protect 
against gasket blowouts. Screwed valves have long 
threads with a recess for soldering joints. 


‘COMPANION LINES of check valves, fittings 
and specialties of equally outstand- 
ing Crane design are available. Fully 
described in your Crane No. 49 Cata- 
log. Or see them in Crane Circular 
320 on Corrosion-Resistant piping 
materials—your copy supplied on re- 
quest by your Crane Representative. 


CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 


VALVES « FITTINGS « PIPE « PLUMBING AND HEATING 


(Cross-Section) No 


» 1501, Globe, Flanged 


Working Pre 


or air up to 100° F 
Sizes: to 4-inch. 
Tested at 300 pounds Air-under-Water 


CHOICE OF 
™wo 


TIGHT-SEATING. 


DESIGNS 


Crane special lead- 
faced disc—with facing 
securely rolled into ma- 
chined dovetail—seats 
against crowned face of 
integral body seat to as- 
sure tightness in service. 
Where temperature or 
corrosive action does 
not allow use of lead, 
these valves can be sup- 


Cross-section of steel 
disc and seat 


plied with a case-hardened steel disc and 
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ANOTHER FOSTER WHEELER INSTALLATION— 
THE LARGEST IN THE WORLD--V/ELDS 


SULFUR ~ftom.a new source 


Once again, a outer plant proves that the recovery 

of sulfur from soyfiimayral gases and spent gases in refin- 

ing operctions@iigapd business. Over 300 tons of high 

grade sulfu per day bre recovered by the Texas Gulf Sulphur 

April, 1 


oday, the plants installed by Foster Wheeler have a total 
capacity of 600 or more tons per day, a substantial contri- 
bution to the development of the country’s resources of 
sulfur—an essential element for the chemical, petroleum, 
fertilizer, steel, and other industries. Foster Wheeler has 
been identified with this development since the first com- 
mercial installation in the United States in 1942. 


For further particulars, write: 


FOSTER WHEELER CORPORATION BROADWAY, NEW YORK 6, Y. 


FOSTER G WHEELER 
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Republic Transmitter measuring level in reboiler 


DIFFERENT... 


in design and performance 


The Republic Pneumatic Transmitter is a device for 
converting process variables, such as flow, level, 
pressure or liquid density, into air pressures. These 
air pressures are a direct measure of the process 
variables or can be used as the measuring impulse for 
the actuation of an automatic controller. 


The force-balance method of measurement, as 
employed by the Republic Pneumatic Transmitter, 
offers many inherent advantages such as: 


AMBIENT TEMPERATURE —The effect of ambient 
temperature variations on the accuracy of a Republic 
Transmitter is negligible. Since all parts are equally 
affected by temperature changes, force and leverage 
relationships are not disturbed and accuracy is un- 
_ impaired. 


AIR SUPPLY PRESSURE—The effects of changes in 
air supply pressure is so small that it is guaranteed 
negligible. 


LINE PRESSURE — The effect of variations in line 
pressure has been completely eliminated. 


SENSITIVITY—Due to the negligible motions required 
for complete operation of all parts for full scale 
changes, no appreciable hysteresis results from 
reversal of direction of measurement change. The 
hysteresis loop is so small that it is undetectable by 
ordinary means, being less than 1/20 of 1%. 


ACCURACY — The accuracy of the Republic force- 
balance method of measurement is higher than can be 
consistently secured and maintained with any other 
method. Transmitting pressure vs. measured force is 
guaranteed within Y of 1% of meter range. 


In addition to these five important features, the 
Republic Pneumatic Transmitter is extremely flexible 
in application, easy to service and of rugged con- 
struction. 


If you have a flow, level, pressure or liquid density 
metering or control problem may we suggest that you 
investigate the Republic Pneumatic Transmitter? Data 
Book No. 1002, which contains complete details of 
this instrument, will be mailed to you upon request. 
Write for it today! 


REPUBLIC FLOW METERS co. 


2240 Diversey Parkway, Chicago 47, Illinois 
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Struthers Wells Vessels 


4, are equipped with 
= = Carefully Designed Agitator Drives 


for Extreme Temperature 


and Pressure Service 


NOTE THESE FEATURES ... 


% All ports are accessible for quick and easy removal 
and replacement. 

% Agitator Drive Shaft is radiolly supported ot top 

and bottom of the drive providing a spread of bear- 
ings practically equal to the vertical space occupied 
by the drive. 
Agitetor Drive Sheft thrust is token by radial-thrust 
double row bal! bearing located in close proximity 
te pressure seals insuring accurate centering ond 
@ minimum end-wise motion of the shaft at locations 
of seals. 

% Sea! ports ore carbon ond non-corrosive metals to 
withstand corrosion in the same degree os the metal 
used in the vessel. 


% Oil circulating unit provides equolized liquid pressure seal, 


Cross Sectional View Shows Accessibility of Parts of oil 


ecross the seal face and elimi ati of vessel 
Access openings for upper drive shoft content. 


te 500 psi. with pr 9 up te 650° fF. 


* Made in five sizes—ranging oon 1 te 50 horsepower. 


There is a dependable Struthers Wells Agitator 
Drive that will meet your exacting requirements. 
Write today for complete data on the size drive 
that will best suit your needs. 


STRUTHERS WELLS CORPORATION 


Process Equipment Department . Warren, Pa 
PLANTS AT WARREN, PA. + TITUSVALE, PA. OFFICES IN PRINCIPAL CITIES 
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Newly designed unit 
shortens heating and cooling cycle... 
cutting equipment and processing costs 


@ Brown Fintube THERMO-FLO Process Heaters 
offer many advantages for process heating and cooling, 
and — including the cost of the single shell tank — 
usually cost Jess than a jacketed vessel of equivalent 
capacity. 

SHORTENS PROCESSING CYCLE — Use of Brown in- 
tegrally bonded fintubes provides 4 to 10 times the 
heating surface of the same length of bare pipe coil, 
or many times the area offered by a jacketed kettle of 
equivalent size. This shortens the processing cycle, 
and permits more material to be handled in smaller 
and /ess costly vessels. 


EFFICIENT HEAT TRANSFER —The material adjacent trated herewith is only one of many yer 
to the fintubes is heated quickly, and rises rapidly end types, of theve heaters and 

along the finned sections, forming a thermal siphon 

within the tank. This natural flow is sometimes aug- 

mented by the induced flow of an agitator, especially 

if quick mixing is desired. 


AVOIDS CRACKING AND COKING—The large heat- 
ing area of the finned tubes permits processing with 
low temperature differential between the heat transfer 
surface and the material — minimizing damage to the 
material from localized overheating. 


MEETS ANY REQUIREMENT— Brown THERMO-FLO 
Process Heaters are available with single or multiple 
circular banks — in any height and diameter to meet 
specific duties. Furnished in low carbon or stainless 
steel, or nickel, monel, everdur or other alloys — as 
single heaters or complete with tank—to meet 
individual conditions. 


Price and delivery information furnished promptly. 
Write for Bulletin No. 492. It gives full details. 


THE BROWN FINTUBE CO. (re 
ELYRIA, OHIO 


PRODUCTS 
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Think of this sign first...... 


for 


Manufacturing Facilities 


The Lummus reputation for keeping its sights leveled at highly practical 
objectives is of particular value in the designing and constructing of 
ethylene manufacturing facilities. The very stature of ethylene—most 
important of hydrocarbon raw materials for petroleum chemical synthesis 
—should make such a point of view attractive to industry. 

First, Lumraus places emphasis on processing for higher yields and lower 
costs. Detailed processing and engineering studies dictate the scheme to be 
employed for specific operations. The compasy’s fund of knowledge 
covering al! commercially-applied techniques for making ethylene carrics 
on from there. Lummus’ pilot plant and development work have produced 
important tools to achieve maximum performance and flexibility. Special 
Lummus cracking heaters meet specific requirements for converting 
ethane, propane, or mixtures of both to an ethylene-rich *ffiuent. 

_. Second, Lummus places emphasis on the design of ethylene units for 
lower initial outlay, thus imcreasing the refiner’s profit margin and 
diversity of income. This is extended to include récognitios. of metals- 

-. gvailabilit; in the period ahead, as well as planning for rock-bottom 

- maintenance and upkeep costs. 

Third, Lummus recognizes the special responsibility of handling con- 
fidential information in accordance with the best-interests and desires 
of the customer. 


We invite you to think of Lummus first in your plans for petroleum 
hemical expansion. 


THE LUMMUS COMPANY 


38S MADISON AVENUE, NEW YORK 17, N.Y. 
CHICAGO * HOUSTON * LONDON * CARACAS * PARIS 


DESIGNING ENGINEERS AND CONSTRUCTORS FOR THE PETROLEUM AND CHEMICAL INDUSTRIES 


— 
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Wide Range bs: 
one 20 200"tf 0 


ds 

SCHEMATIC CROSS-SECTION . . Diaphragm, at upper left, separates low 
chambers and is connected to primary beam. Movement at diaphragm acts 

gee At upon secondary beam through contact of rider (range change adjustment). Secondary beam 7 

ia° eat moves flapper toward nozzle, causing pressure to build up in balancing beliows . . . thereby 
creating upward force fo balance differential pressure. This entire sequence of actions is 


Arter long and rigorous testing in the field, the 
Brown Differential Converter is ready to set new 
high standards of simplicity and precision in the 
measurement and transmission of flow. 


Operating on the pneumatic-balance principle, 
this compact and light-weight unit converts 
differential pressure at the orifice into a propor- 
tionate output air pressure which is a measure of 
flow. All adjustments . . . such as the range change 
which is continuous from 0-20 inches of water up 
to 0-200 inches of water . . . are easily and simply 
made, without special tools or extra parts. 


Applicable to a wide range of continuous proc- 
esses, the Brown Differential Converter is the 
fore-runner of an entirely new series of pace- 
setting developments made possible through 
Brown Creative Instrumentation. For detailed in- 
formation write for a copy of new Catalog No. 2281 

. .and call in our local engineering representative 
for a discussion of your process needs. Offices in 
more than 80 principal cities of the United States, 
Canada and throughout the world. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Jn- 
dustrial Division, 4427 Wayne Avenue, Phila- 
delphia 44, Pa. 


Measurement and Inanswmissiow Flow 
- 
; 
i>. 
-balance 
1 
Honeywell | 
“BROWN INSTRUMENTS | 


Fluor Counterflo Induced-Draft Cool- 
ing Towers incorporate many im- 
portant design features which cut the 
cost of maintenance and improve the 
appearance of cooling equipment 
installations. 


FLUOR COUNTERFLO 
COOLING TOWERS 
offer many unique 


features all worth 
pooking into! 


: When selecting cooling towers, it pays 
to look into the structural and mechanical 
design features of a Fluor Counterflo Cool- 
ing Tower. It is here that the difference 
between one cooling tower and another is 
evidert—where the difference in structural 
stability, maintenance of mechanical equip- eS 
Ment, and quality appearance lies. ; 
The illustration at right—accurate in wets tobe beth 
every detail—is the way your Fluor Counter- safety unde: all conditions. Posts 
flo Cooling Tower will look with a portion of the 
exterior wall removed. Note the exclusives, the extras, hij bee: Ore rennab.e on new 
hat make Fluor Cooling Towers a wise buy. When iho 
dependable performance, low maintenance, and 
quality appearance is essential or desirable in your 
plant or process operations, look into a Fluor Coun- 


terflo Cooling Tower. ve BE SURE WITH 


FLUOR 
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WRITE FOR FREE TECHNICAL ARTICLES: “Cool- V, 
ve ing Tower Studies,” Cooling Tower Y 


THE FLUOR CORPORATION, LTD., 2500 South Atlantic Boulevard, Los Angeles 22, California 
New York, Chicago, Boston, Pittsburgh, Tulsa, Houston, San Francisco, Birmingham, Calgary. 


He REPRESENTED IN THE STERLING AREAS BY: Head Wrightson Processes Ltd., Teesdale House, Baltic Street, London, E.C.1., England A 
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When 
LIME 


Cutaway view of 


showing Classifier section at left, 
Slaking compartment at right. 


EFFICIENCIES 


you buya 
SLAKER 


Dorrco Slaker 


OPERATING 
SIMPLICITY 


? 


Chances are you want them all . . . and you can get them all with a Dorreo Slaker . . . 
the only available unit that does the complete job of slaking and effective grit 
removal in a single tank. One of the six standard sizes . . . ranging in capacity 
from 5 to 200 tons of CaO per 24 hours . . . will be right for your slaking 
problem if you need more than 5 tons per day. Write for Bulletin #7281 for 


more complete information. 


With the Dorrco Slaker you get. . . 


DORRCO 


HIGH EFFICIENCIES ... large unit capacity 
ause of tank design and rapid 
hydration because of mechanical agi- 
tation add up to maximum overall 
efliciency. 
LOW INSTALLATION COST... the self-con- 
tained Dorrco Slaker is shipped almost 
completely assembled. Erection is 
easy ...no field welding ... no costly 
piping or launders to connect Slaker 
and Classifier. 


LOW MAINTENANCE COST . . . replaceable 
1” thick white iron liners on sides and 
bottom of Slaker tank minimize abra- 
sion and corrosive problem. If needed, 
eventual replacements are inexpen- 
sive. All bearings are above solution 


level. 


WORLD - WIDE RESEARCH 
THE DORR COMPANY - 


@ wear, compact imstatiation . . . The 
Dorreo 


Slaker eliminates the usual 
unsightliness of the slaking opera- 
tion. It is readily ventilated and mini- 
mizes operating hazards. 


OPERATING SIMPLICITY . . . necessary only 


ENGINEERING 
ENGINEERS - 


for operator to check periodically the 
rate of lime and water addition. Con- 
trol instruments are available to re- 
duce operating attention to occasional 
observation only. 


L 
BETTER TOOLS 


10, MEET TOMORROW'S Of MAND 


EQUIPMENT 
STAMFORD, CONN. 
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Cleaver-Brooks Compression Distillation . . . 
The Most Economical Method of Evaporation 


Here’s Why: 


The table shows the ap- 
proximate costs of oper- 
ation per 1000 gals. of 
evaporated water with 
a Cleaver-Brooks Com- 
pression Evaporator as 
compared with standard 
multi-effect steam evap- 
orators. 


\ Pounds water evaporated per pound steam 


OPERATING DATA 


STEAM EVAPORATORS Cleaver 


Double! Triple | Quadruple! Quintuple Compression 
Effect Effect Effect Effect Evaporotion 


input from boiler 


1.75 2.5 3.2 


Pounds steam required per 1000 gallons 
water evaporated 


4750 


Gallons condenser water required per 1000 
gallons water evaporated 


Steam cost per 1000 golions water evaporated, 
based on steam at $.80 per 1000 pounds 


Condenser water cost per 1000 gallons woter 
evaporated based on water at $.10 per 
1000 gations 


Electric Power Consumption per 1000 gallons 
water evaporated 


Electric Power cost per 1000 galions water 
evoporated based on power @ $.0! per KWH 


Tota! Water & Energy cost per 1000 gallons 
water evoporated 


The concentrating of chemical solutions for 
valuable recovery or for disposal can be done 
economically with compression distillation. 


The recovery of pickling liquors, the con- 
centration of waste proteins, the concentration 
of waste pulp liquors, are just a few of the 
process problems which can be solved through 
vapor compression distillation at less cost. 


Cleaver-Brooks is constantly called upon to 
evaluate chemical process problems in terms 
of the vapor compression cycle. 

After a complete analysis of your process 
problem, a Cleaver-Brooks compression still is 
constructed to meet your specific needs. Com- 


plete consideration is given to the type of raw 
liquid to be evaporated, the capacities of your 
allied equipment, the future growth of your 
plant operations, and the use or uses of the 
products to be distilled or concentrated. 


It will pay you to consider now the value of 
compression distillation in your plant for pur- 
ification or recovery or disposal. 


Write for bulletin: 
“Compression Distillation” 


Cleaver-Brooks Company 


393 East Keefe Avenue 
Milwaukee 12, Wisconsin 


Consider Compression 


Distillation for Purification... 


Recovery... Disposal 


Cleaver-Brooks 


Builders of equipment for the generation 


utilization of beat. 
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try these CHLORINATED COMPOUNDS 


BP. °C. Sp. Gr., #,0 Sol., % 
at 760mm. wt. 20°C. 


Propylene Dichloride 
CH,CHCICH.CI 
Trichlorethane 
CICH,CHCl, 
Dichlorisopropy! Ether 


CARBIDE AND CARBON All three of these chlorinated compounds are powerful solvents 
CHEMICALS COMPANY for oils, fats, waxes, greases, gums, and resins—just what you need 


A Division of for metal cleaning or solvent extraction. Examples of their uses as 


Union Carbide and Carbon Corporation intermediates include the synthesis of methyl vinyl chloride from 
30 East 4206 Street Mew York 17, 


propylene dichloride; vinylidene chloride from trichlorethane; and 
2.6-dimethy! morpholine from dichlorisopropyl ether. AND, all three 
are available in commercial quantities. 

Investigate these low-cost chlorinated compounds now. Write for 
a copy of our “Chlorine Compounds” booklet (Form 4769). Lf you 
want to test them, ask for samples. 
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INTERMEDIATES? 
j 
96.3 1.1583 0.2% 70 
3.7 1.4432 0.45 None 
Page 16 April, 195) 


AND COMMENT 


CONSERVING TECHNICAL MANPOWER 


— Manpower Commission of the Engineers Joint 
Council submitted its report to the National Security 
Resources Board Dec. 20, 1950. This report is in re- 
sponse to the request that the E.].C. prepare a program 
“for the most effective utilization of engineers in the 
national effort and make recommendations as to how 
such a program could be best administered.” The Com- 
mission accepted and endorsed the earlier recommen- 
dations of “The Six Committees” concerning the train- 
ing of scientific, professional and specialized personnel 
and the utilization of such personnel. It then proposed 
the creation by act of Congress of a “Reserve” chosen 
from the registration “of every man up to the age of 70 
who has a Bachelors Degree with a major in one of the 
critical fields of engineering or who is enrolled in a 
program of training leading to a Bachelors or higher 
degree in one of these fields, or who is employed in one 
of these fields.” The “Reserve” would be administered 
by a National Engineering Personnel Board with powers 
paralleling those of the Selective Service Boards. 

While the idea of an engineering reserve has much 
to commend it, new legislation and the creation of new 
administrative machinery are involved. On the other 
hand, the recommendations of “The Six Committees,” 
as the Commission notes in its report, can be carried out 
within the framework of existing legislation. These 
recommendations provide a procedure for placing in 
a deferred classification specialized personnel (Class 
II A). However, as the Commission remarks, there is 
a certain stigma associated with draft deferment of 
service age men: “The basic purpose of the Reserve is 
so to earmark specialized skills that a prestige will be 
accorded its members.” 

The endorsement of the earlier Committees’ report, 
while proposing an alternative procedure for the utiliza- 
tion of engineering personnel, is confusing. Presumably 
the idea is to create the Reserve at a later date and 
depend for the time being upon the Selective Service Act 
as supplemented by the Committees’ proposal to insure 
the best use of those possessing critical skills. On the 
dual assumption that (a) military and industrial re- 
quirements for engineering personnel are equally im- 
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portant, and (b), the present conditions of a mixed 
economy will exist for a long and indefinite period, the 
proposal for a Reserve may be the best ultimate solution. 

The idea of a highly exclusive reserve with special 
privileges and prestige is, however, certain of political 
opposition and is not a complete answer for the man- 
power problems now facing those engaged in the defense 
effort. 
ciated personnel at a time when such defense agencies 
as the Research and Development Board are expanding 
existing programs and looking for new facilities. Engi- 
neers, scientists and other specialized personnel are 
already in “short supply” as well attested by the columns 
of help-wanted advertisements appearing in the news- 
papers of all major industrial cities. The situation calls 
for more immediate action than can be expected of 
Congress or the setting up of the involved deferment 
procedures proposed by The Six Committees. Accord- 
ingly, the proposal is here ventured that companies or 
divisions of companies now engaged in or committed to 


Industry is now losing engineering and asso- 


a significant degree to undertakings for the military be 
declared “Essential” and that their deferment problems 
be specially processed either within the Department of 
Defense under a directive from the Selective Service or 
by a special regional selective service board, depending 
upon the status—military or civilian—of the individuals 
involved. These special boards would be made up of 
persons who are at least broadly conversant with mili- 
tary needs and cleared to receive classified information 
of a kind that must necessarily be disclosed in making 
any claim for deferment of an individual on the basis of 
his group or company employment on essential under- 
takings for the military. 

This suggestion is advanced primarily in the interest 
of conserving existing well-integrated working groups. 
Under this proposal, the deferment of an individual 
would not require that he be immediately engaged on a 
project of direct importance to the military. He would 
not necessarily have to rate either the designation of 
scientist or engineer. For special processing it would be 
sufficient that he be a member of an essential group. 


Earl P. Stevenson 


Page 159 


‘ 
q 
es Vol. 47, No. 4 
~ 
‘ 


TOPS CORROSION 


it's worth checking into — one of the 

many Tygon Plastic formulations may be 
the answer to your 
tough corrosion 
problems. 


SHEET TYGON 
heavy-duty tank 
ings die-cat 


EXTRUDED TYGON 
Tubing. channel, 
special shapes, solid 
Gaskets, grommets. cord. 
diaphragms, molded 
mechanical items. 


Tygon Paint is a liquid formulation of the versatile Tygon series 
of corrosion-resistant plastics. It is applied with spray gun or 
brush. Tygon Paint air-dries to form a tough, tight-adhering 
plastic “skin” over metal or concrete . . . sets up a sturdy, im- 
permeable barrier against corrosion. 


Liquid Tygon is not an ordinary paint. If an ordinary paint will 
do the job — use it. Use liquid Tygon where ordinary coatings 
fail. Selectively used it can cut repainting costs as much as one 
half — will add immeasurably to the maintenance-free life of 
metal or concrete surfaces exposed to corrosive atmospheres, spill- 
age, acid condensates. 


Write today for Bulletin 712. Tells how and where Tygon Paint 
can cut your corrosive maintenance costs. Address The U. S. 
Stoneware Co., Tallmadge Square, Akron 9, Ohio. 
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A Big Question today in the chemical field is how to improve 
and strengthen that important link between research and engi- 
neering: Between the men who discover a process and obtain 
the preliminary data—and the pragmatic engineers who must use 
the data and expand it to a going plant. Here members of 
the A1.Ch.E. speak out their practices, ideas, and gripes. This 
article is the result of a “Bull Session” on the subject last year 
at our Swampscott meeting, plus editorial modification. 


T. H. Chilton (DuPont Co., Wilming- 
Del.): The 
Research and 


ton, topic, Liaison between 


Engineering, illustrates 
the prime work of the chemical engineer, 
which, to my 

the gap 
search and plant operation 


way of thinking, is to 


bridge between chemical re- 
The normal 
progression of research to operation in- 
cludes such steps as determination, on 
semi-works scale, of the yield and qual- 
ity of the products, obtaining data 
the the full-scale 


naturally, producing 


tor 


design of unit, and 


some material for 


sales evaluation 

Then comes the stage of design, either 
of the pilot plant, the interim plant, or 
the the 
the 
This is the most critical stage, 


full-scale plant, whichever is 


next logical or justifiable step of 
operation 
because at this point if you make a mis- 
take, it is frozen into the 


process, frozen right into the design, and 


often right 
you may never get the opportunity again 
to correct it, because the demand for the 
product will keep you producing without 
out al- 
When you get to the design 

are 
sheet 


giving you an opportunity to try 
ternatives 
few essentials 


point, obviously a 


needed: the material balance flow 

that is axiomatic; the thermochemical 
data for a heat balance flow sheet; the 
critical pressures and temperatures, and 
compositions which become fixed points 
and are usually determined the 
semi-works plant. 

When these are known the detailed 
design of the pilot plant can proceed. It 
is here that the work of the chemical en- 


from 
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wineer is essential, and not much can be 
done to help him. He's out on his own 
and he has to make his own decisions 
He then builds the pilot unit with criti 
Perform 
after a re 


to every detail 
obtained and 


cal attention 
ance data are 
view of the pilot plant performance, the 
the 


procedure for the selection of the full 


chemical engineer repeats design 


scale plant assembly and equipment 
These may be merely a reduplication of 
the pilot plant units, or a scale-up may 
agai be involved 

The liaison between research and en 
gineering—we are talking about chemi- 
cal research—involves four or five steps 
They are first, a review of the chemical 
data with the 


part of the engineer; second, a check on 


the research chemist on 


the semi-works program and a review of 
the semi-works performance data; third, 
a process flow sheet and again, at this 
check of that flow 
the operating people. 


sheet with 
check 
the design of pilot plant equipment with 


pomt, a 
Repeating 


the chemist first and the operating su- 
review the pilot plant 
formance after it has come through its 
stages of development with the chemist 
and with the operating management; 
finally, check the design of the plant 
with the but in 
great detail with the operating manage- 
ment 


pervision ; per- 


chemist incidentally, 
These are the stages, in my opin- 
that the liaison 
research and engineering must provide 
Randolph Antonsen (Godfrey L 


bot, Inc.. Boston, Mass.): Almost every 


ion, between chemical 


Ca- 
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group has its own engineering setup and 
the ones I have known differed widely. 
The ideal setup would be to have chemi- 
the 


projects to 


cal engineers who know work 
one man who could do all 


take a project as delivered to the chem 
ical engineering group, and follow it all 
the I'd 


rather work 


words, 
the 
lf the company is large enough, a task 


way through. In other 


have one man do all 
will be turned over to several men, and 


each will follow his specialty through. 
But I think one man is needed who fol 
the 
more or less as an expediter 


T. H. Chilton: | see what you are driv 
that it is better to have 


lows work and pushes it through 


ing at one man 
or a group of men who specialize carry 
the projects through as they come along 
What we are talking about ss the func 
tion of the group or individual that car 
they 


chemists) on 


ries projects (as come from the 


research through design 


work. Perhaps there are firms where it 
is possible for one man to carry a proj 
ect right on through, but that is asking 
to do the 


a good deal of anybody chem 


ical research, process development, pilot 
plant design and full-scale plant design 
At some place you are going to break 


off 


another 


from one type of specialization to 


The type of specialization we are talk 


ing about is the transition, or the inter 


mediate stage between operation or be 
the 


chemical 


tween final construction of a plant 


gra 
are con 


There 
dations between those two. W<« 
the gap 
design 


and research are 


bridging between 
the 
The question is whether the chemist can 
Who will de- 
fend the process of having the chemist 
turn the 
gineer? 

R. Antonsen: In companies 
chemists follow through on the research 


cerned with 


the chemists . and engineers 


dissociate himself from it 


things over to chemical en- 


some 


work, in a personal sense, and partici 
pate and cooperate with the engineering 
group. In other 


though, the chemist will serve primarily 


development companies, 
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Once the preliminary work . . . has shown 
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promise . meeting is 


held for planning the program. .. . A program of pilot runs is laid con with the 
chemists pointing out critical process variables = the most favorable reaction 


conditions, and the engineers suggesting types 


equipment layout. . . . 


in a consulting capacity between engi- 
neering and development groups. 

T. H. Chilton: How can responsibility 
be assigned to these jobs? 

R. M. Pritchett (Celanese Corpora- 
America, Clarkwood, Tex.): We 
have a research director who happens 
engineer. Immediately under 
him in the research and development de- 
partment are a chief chemist and a 
senior chemical engineer. Once the pre- 
liminary work of the chemists has shown 
that a particular project has 
and when management has 
more extensive 


tion of 


to be an 


promise, 
authorized 
investigation, 
is held for the purpose of planning the 


a meeting 
program. Those usually present will be 
the research director, the chief chemist, 
the senior chemical engineer, the chemist 
or chemists connected with the project, 
and one or more engineers assigned to 
the piloting and development. Usually 
the engineer has already had some 
tact with the project through preparing 
preliminary economic studies. 
The work already completed is re- 
viewed, and suggestions may be made at 
‘this stage as to further laboratory data 
Pneeded by the engineer for use in pilot 
r plant design. A program of pilot runs is 
then laid out, the chemists pointing out 


con- 


critical process variables and the most 
favorable reaction conditions, and the 
engineers suggesting types of equipment, 
unit capacity, and equipment layout. 
After this meeting the project engi- 
neer draws a flow sheet of the proposed 
unit and, after further consultation with 
for approval a defi- 
After ap- 
responsible 


the chemist, prepares 
nite program of experiments. 
proval, the engineer is then 
for planning and evaluating the pilot 


equipment, unit capacity 


work, while the chemist returns to the 
laboratory to continue his own program 
of experiments, which are usually not 
yet finished at this stage. During opera- 
tion of the pilot plant the engineer often 
suggests further laboratory work to the 
chemist involved, while the chemist in 
turn acts as consultant to the engineer 
and informs him of any significant new 
laboratory results. 

Formal responsibility for the pilot 
plant rests with the engineer. The same 
engineer, who may have the help of oth- 
ers if the process is of some complexity, 
continues to be responsible for any fur- 
ther development, including a final eco- 
nomic evaluation and the final process 
design for a commercial unit. This final 
design is turned over to the engineering 
department for shop drawings and de- 
tailed cost estimates. 

Upon completion of the commercial 
unit, the same engineer, whose duties in- 
clude both development work and plant 
process engineering, continues to follow 
the process until it is in smooth opera- 
thon. 

We thus have one engineer, or group 
of engineers, to carry the project through 
from the first laboratory development 
and economic evaluation to successful 
operation in the plant. It is the engi- 
responsibility, through frequent 
with the research chemist, to 
make sure that development is carried 
out in accordance with the basic prin- 
ciples laid down by the chemist. The 
chemist as a general rule is not directly 
concerned with plant design and initial 
operation, although during the entire de- 
velopment the project 
larly consults with him. 


neer's 
contacts 


engineer regu- 


Chemical Engineering Progress 


Norman Morash ( American Cyanamid 
Co., Bound Brook, N. J.): We have a 
unique setup wherein an engineer may 
be responsible for an entire project from 
the inception of the idea to the point 
where the full-scale plant is turned over 
to the production department for routine 
operation. This included the re- 
search work; the prepilot plant design, 
construction and operation: the pilot 
plant design, construction and opera- 
tion; and full-scale plant design, 
struction and operation with 
appraisals interspersed at 
times. 


has 


con- 
economic 
appropriate 
The engineer responsible for this 
work is called a special project engineer, 
who does not necessarily handle the re- 
search portion but who may on occasion 

We have also a standard routine 
whereby a product of the research de- 
partment is turned over to the develop- 
ment department, whose personnel, with 
the cooperation of the chemical engi- 
neering and plant engineering depart- 
ments, through the direction of a techni- 
cal committee, carry the product along 
until a full-scale plant is built and turned 
over to the production department for 
operation. 

This standard method, 
two distinct drawbacks. 
munication and the time con- 
sumed between the conception of the 
idea and the birth of the plant. Anyone 
who has written a final report on a re- 
search project or a set of specifications 
on a new plant, knows how easy it is to 
leave out items. 


has 


com.- 


however, 
One is 
other, 


By the time a project 
has passed through several hands 
points are bound to be 
omitted and hence, 
suffer. The 
many groups 


many 
forgotten or 
the final plant must 
other point is that with 
involved, time is lost in 
committee meetings and in making de- 
cisions. Also if no one person has the 
authority or interest to push the job 
it does not get done. 

On certain projects perhaps three or 
four years could be spent from the in- 
itial research stage to full-scale plant 
operation. When a job is run by a spe- 
cial project engineer, this time may be 
cut in half. 

John A. Brooks (Standard Oil Com- 
pany of Ind., Whiting, Ind.): How can 
you define the responsibility for this one 
man to carry the 
through ? 

N. Morash: He is completely responsi- 
ble for the entire project. It takes a man 
of a few years’ experience, but on the 
other hand, it is set up so that it can be 
carried through 


project straight 


But I will say that in 
most cases the jobs are primarily engi- 
neering and there isn’t too much high- 
powered chemistry. 
chemistry, but it is 
engineering job. 

J. A. Brooks: I would like to know 
about the economics involved. Suppose 
a problem gets on the way, and this proj- 


There is 
mainly a 


some 
chemical 
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ect engineer has been working on it for 
awhile. Who is going to decide, when 
you get about half-way through, that it 
is feasible economically? Is that his re- 
sponsibility ? 

N. Morash: The special project engi- 
neer must keep his economic. evaluations 
up to date as the project progresses, and 
should any development alter the pic- 
ture, it is his responsibility immediately 
to inform the management committee 
At such a time a decision is made to dis- 
continue, maintain, or to accelerate the 
job. 

J. A. Brooks: Sometimes these eco- 
nomic evaluations take a long time, and 
a large staff is required. How do you 
handle that? 

N. Morash: This is also his responsi- 
bility. It should be understood that the 
special project engineer does not have 
to work singlehandedly. At times it is 
necessary for him to have 50 to 100 peo- 
ple directly or indirectly under his con- 
trol. There are also times when, due to 
the nature of the project or the state of 
development, he may be the only one 
active on the project. It is believed that 
due to this flexibility of operation no 
project need be too large or too small 
for him to handle and a_ multimillion- 
dollar project can be carried out just as 
effectively as a ten-thousand dollar one 
Furthermore, the size of the company or 
plant does not need to have any effect on 
the efficiency of such an operation 

John W. Payne (Socony-Vacuum Oil 
Co., Inc., Paulsboro, N. J.): In some 
companies as soon as a project begins 
to look attractive to the research chem- 
ists, the economics section of the devel 
opment division takes a look at it. If it 
is sufficiently promising, the develop- 
ment division starts an appraisal. This 
often leads to something like this: the 
research chemists are asked to do ad- 
ditional experiments to provide infor- 
mation necessary for a better economic 
evaluation and to indicate the best type 
of pilot plant to be set up. Often the 
chemists do not quite appreciate what 
goes into the engineering development 
of a project, hence the necessity of the 
additional experiments. As soon as the 
development division gets the additional 
information, the economics section 
makes a critical appraisal of the proj- 
ect. If the project still looks attractive, 
a pilot plant is laid out and built. By the 
time the pilot plant has been running a 
few weeks or a few months, they are in 
a position to tell whether the project is 
going to be attractive commercially. 

Now the actual contact between the 
chemists and the development engineers 
is that the chemists follow along in the 
early development stages and get the 
data necessary for designing the pilot 
plant, and at the same time they also 
continue to develop basic information 
which is used as we go along with the 
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pilot plant development. 

Of course, all have a keen curiosity in 
the results, and exchange ideas and in- 
formation all during the development, to 
keep in touch with the latest basic ideas 
and latest pilot plant results. 

T. H. Chilton: Who takes the respon- 
sibility for the decisions to develop the 
project? 

J. W. Payne: The economics section 
determines whether or not the project is 
attractive on the basis of the information 
available at the time. Management 
makes the decisions. 

T. H. Chilton: Who authorizes the 
money that is required to carry through 
to the next stage? 

J. W. Payne: The development divi- 
sion, of which the economics section is 
a part, issues a letter or memo to the 
director to the effect that the project 
appears attractive. He presents the 
proposition, with the accompanying eco- 
nomic picture, to the manufacturing 
committee and asks for an authorization 
to go ahead with the pilot plant. 

R. G. Edmonds (Carbide and Carbon 
Chemicals Corp. S. Charleston, W. 
Va.): What does the time schedule add 
up to? 

J. W. Payne: The time required for 
the development frequently is annoy- 
ingly long. The time for the authoriza- 
tion is usually a few days to a few 
weeks 

A. T. Osserman (Davison Chemical 
Corp., Baltimore, Md.): You mentioned 
When does that 
Does it take over when the 


the economic section. 
take over? 
research chemists initiate the project? 

J. W. Payne: The economics section 
never actually takes over. The project is 
brought by the research chemist to the 
economics section for its appraisal as 
soon as it appears attractive to it. An 
evaluation is made and desirable addi- 
tional experiments are suggested. This 
type of contact is maintained throughout 
the development of the project, by 
which the economics section establishes 
whatever phases of the development of- 
fer most promise of improved commer- 
cial economies. 

Anonymous: We started out talking 
about liaison between research and en- 
gineering, and as I understand it, it is 
a transition from the conception of an 
idea to the point when it is in full pro- 
duction and making money. Apparently 
there is good liaison between research 
and engineering, otherwise so many new 
projects would not be developed, and so 
many new products would not be getting 
to the market. We might wonder where 
this liaison takes place and we would no 
doubt appreciate it if it worked out at a 
lower level. Apparently it is up at man- 
agement levels. It might be a good 
scheme to have a special project engi- 
neer follow projects from the laboratory 
bench all the way through to the time 
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- . The normal progression of re- 
search ‘to operation includes . . . de- 
termination on semi-works scale, of the 
yield quality of the products, obtaining 
data for the design of the full-scale unit, 
and naturally, producing | some material 
for sales evaluation. . . . 


when the plant goes into operation 
Now this might be feasible in projects 
that are simple, and which involve only 
one or two steps, and not great outlays 
of money or of engineering thinking 
Chemical engineering is becoming more 
and more a specialization. A man so 
versatile as to be able to handle all 
phases of engineering from development 
to final pilot plant design, and at the 
same time have a personality which is 
such that he can get along with the re- 
search chemist, is being wasted as a 
project engineer. Undoubtedly he should 
be vice-president of the company. 
Liaison in most organizations is car 
ried out at upper levels of management 
The latter will decide on a particular 
field of endeavor, will instruct the re 
search chemist to work on a specific 
problem. When that end has been solved, 
the brain child generally goes to a de- 
velopment chemist who irons out the 
kinks in it, then to the development en 
gineers who look at it from an engineer 
ing viewpoint to see if it is going to be 
feasible or whether the process will 
have to go back to the development 
chemist and have him change the solv 
ent, or the temperature or pressure con 
ditions, so equipment currently avail- 
able will more or less fit the project. 
When this work has been ironed out 
there is a pretty good level of liaison 
with management. The latter decides 
then, after an economic study is made. 
whether it is willing to invest its dol- 
lars and cents in the project, or whether 
it has seen enough of it so that it is not 
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willing to go ahead. Unless a chemical 
engineer is part of management, he 
doesn’t have anything to say in this mat- 
ter one way or the other. 

After that point a pilot plant generally 
is designed to justify 
of larger funds. 


the expenditure 
The so-called engineer 
ing divisions are brought in, and they use 
the data developed by the development 
engineers, pilot plant engineers, develop- 
ment chemists. By this time the original 
pure research chemist who dreamed up 
the scheme is so far back in the picture 
his name is not even remembered. 

\s chemical engineers below manage- 
ment level, sometimes we do not see the 
connection between what we are doing 
on a job and what the other divisions of 
the organization are and we 
would like to have closer liaison. Per 
haps the reason we don’t have it is be- 


doing, 


cause we do not get together with them 
often, or perhaps we are physically sepa- 
rated them so we 


from cannot get to- 


gether. It has been my experience that 


the liaison is there. Otherwise chemical 
engineering would not have reached its 
present state 

W. L. Faith (Corn Products Refining 
Co., Argo, Ll.) 
as far as transferring material from re- 


I haven't any problem 


search to engineering is concerned 
here is a problem in another way 
getting back into research early enough 
to get the chemist to do the work with 
some engineering sense. 

You get project after project coming 
through where a chemist uses a Waring 
but try to 


blender on a big scale 


blender W aring 


There are things 


put a 


A lot of time could be 
saved if some of the tools which are used 
not used, or if other 


which easier to 


of that sort. 


in research were 


tools were used were 
extrapolate. 

T. H. Chilton: That is certainly one 
aspect of the problem, namely, to get the 
engineering viewpoint carried into the 


research at an early enough stage so 
that the proposal for a manufacturing 
operation bears some resemblance to 
what can feasibly be designed and car- 
ried out. 


Corp., 


Potash 


Peabe uly 


(American Polymer 
Mass.): Undoubtedly. 
quite a bit of futile research work might 
be avoided or diverted into more prom- 
ising channels if the 
bility 


large-scale feasi- 


from an engineering viewpoint 


How- 


may he 


was evaluated in the early stages 
ever, this direction 


harmful. 


excesses m 
The chemist should not werk 
in an ivory tower, oblivious to practical 
considerations in commercially applying 
his work, but the not 


have too dogmatic or inflexible an ap- 
I 


engineer should 


There have been many 
which the 


proach cases in 


chemical development was 
novel and apparently severe engineering 
difficulties could be anticipated, but new 
techniques and equipment were devised 
to meet the challenge and successful op 
erations resulted. To have suppressed 
the chemical inventiveness until the en- 
gineering know-how was also available 
would have impeded progress. The re 
search chemist’s position should not be 
usurped and he should not be uncondi 
tionally 


fields 


restrained from exploring new 


because large-scale adaptation 
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“ ... The chemical engineer repeats the design procedure for the selection 


of the full-scale plant assembly and equipment .. . chec 


ks the design of the 


plant .. . in great detail with the operating management... . 
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seems to involve difficulties. 
Anonymous: I'd 
other way around—it is not always the 


like to say it the 


research chemist’s fault. I find the chem- 
ical engineer is greatly responsible by 
not using his own knowled of chem- 
or chemical engineering to under- 
likes to the 
out all the data 
take slide 
a handbook and get it himself 


istry 


stand a chemist. He have 


research chemist dish 


when he could easily out a 
rule or 
Frequently the research department will 
give you a set of data, and if something 
is missing, the chemical engineer could 
that data 
both have 
gripes, I know the research chemist has 
We 


fundamentals 


extrapolate himself. Liaison 


should work ways. If we 


many justifiable gripes about us. 


should rely more on the 


of chemical engineering to interpret re 
search data, rather than to have every- 
thing ironed out for us. By making our 
own analysis we can often suggest bet- 
ter conditions without doing any pilot 
plant additional research 


work or any 


work—just by using 


You 


thermodynamics, 
predict just 
what would be the best way of doing it 


mass action,” ete. can 
in terms of equipment which is either 
established in design or that you could 
and We 
position 
whereby we could understand more and 


through 
ourselves in a 


design have made 


should put 
be patient with the chemist just as he is 
with us 

F. L. Matthews ( Mons: 
Co., Everett, Mass.): I 
are talking about liaison at all. 


nto Chemical 
don't think we 
We are 
talking about a deficiency among chemi- 
cal engineers—a deficiency in chemical 
engineers in making clear and in help 
ing in the training of industrial chemists 

First, in our research group we have a 
lot of chemical but all 


engineers, our 


chemical engineers are not confined to 


research work. Sometimes our chemists 


have considerably more experience than 


I think 


gap in 


chemical engineers. 
talking about the 
the transfer of 


some of the 
we are really 


knowledge from one 
group to another 


T. H. Chilton: Exactly, and we are 


trying to find more effective ways of 
bridging that gap. 
F. L. Matthews: That is 


jective, but 
plished? 


a good ob- 
how can it best be accom- 
Perhaps discussions like this 
with a larger representation of research 
people would be in order. 

T. H. Chilton: There is a responsibil- 
ity here that you can’t expect the re- 
search chemist himself to fulfill 
body has got to carry it through 
torte 1s 


Some- 
His 
can 
ideas, but 
translate them into 
Maybe he can, but then he is 
getting outside of his most effective area. 

F. L. Matthews: Isn't that making a 
distinction between engineering research 
and fundamental 


and he 
be expected to bring in new 


chemical research 


somebody has to 


practice. 


chemical research 
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rather than industrial chemical research? 
I don't think an industrial chemist func- 
tions efficiently 


unless he has. acquired 


considerable experience with engineer- 


ing problems. The closer he ties in 
with design engineers, the better. 

The will say the 
trying to direct his research 
proach it in that in- 
soluble problem because you are trying 
Rather 
than that unending argument, let’s try to 
find potnts ot 


from there 


chemist engineer is 
If you ap- 
manner, it is an 
to decide who predominates 
and 
to find the 


agreement expand 
and try 
disagreement. 

W. F. Stark (Davison Chemical Co., 
Md.): Isn't it 
problem that there is so much absorp- 
tion in jobs that the 
team, the 
the 
research men, 


points of 


Baltimore, part of the 


day-to-day compo- 
fundamen- 
the 
do not understand 


nents of the whole 


tal research men, engineers, eco- 
nomic 
one another's problems 


language and 


any more? If we are so specialized that 


we do not understand one another's 
problems, and if we don’t have the un- 
derstanding ourselves, I don’t see how 
any kind of management or procedure is 
going to bridge the gap. Perhaps spe- 
cialization can be carried a little far. 

T. H. Chilton: We must have a certain 
amount of specialization—that is the 
origin of our problem. 

W. F. Bixby (B. F. Goodrich Chemi- 
Cleveland, O.): We at 
that has 
nicely for us on liaison between research 
We have 


group—I am 


cal Co., Good- 


rich have a solution worked 


and development engineering 


two groups—a_ research 


using research in the broad sense to in- 
clude pilot plant 


duty it is 


Investigations—w hose 
the 


and a development engi- 


to define conditions of a 


ew process, 


neering group whose respensibility it 


is to design production equipment for 
the new process 

Some years ago we became aware that 
our research people had a tendency to 
carry out their investigations along lines 
of endeavor which were not always eas 
full-scale production 
order to this 


condition, we selected a man with expe- 


ily translatable to 


equipment. In improve 


rience in production, in engineering de 


sign, and in development 


This man was placed in a research group 


engineering 
to guide its personnel in their endeav- 
ors. He is there now primarily as a con- 
sultant. He several units 
which are working on different full-scale 


can serve 


research projects. As each unit develops 
its process it avails itself of his experi 
its efforts 
toward the realization of a practical pro- 
duction method. It tells him what it 
basically wants to do and asks him what 
unit operations are 


ence and knowledge to guide 


available, what sort 


of equipment is practical and obtains 
any other suggestions which he may be 
able to offer toward the 


a practical method. 


achievement of 
If this engineering 
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canal balance flow sheet; 


When you get to the design point, 
thermochemical data for a heat balance . . 


of 


. critical 


imerica 


pressures and temperatures and composition which become fixed points and are 
usually determined from the semi-works scale. . . . 


consultant is confronted with problems 
which he feels inadequate to handle per 
sonally, he and the 
the engineering 
group which is composed of men with 


can does— enlist 


aid of development 
collectively a greater range of experience 
in chemical enginecring design. Having 
thus fortified his own ideas, he can relay 
the 


vestigations 


miormation back to the research in 
With this sort of relation 
ship, we have been able to work out an 
effective 
search 


connection between the re 


and development enginecring 


groups which aids substantially in 


achieving basically sound and efficient 
production methods for carrying out new 
chemical processes 

W. S. Coe (U.S. Rubber Co., 
tuck, Conn.): 1 wonder if a little 


definition of terms wouldn't be 


Nauga- 
better 
in order 
All of us have different kinds of prod 
ucts and different types of organizations 


It may well be that one type of organi 


zation will work well in an oil com 


pany and another in a chemical com 


pany 
moment, I'd 
like to think of research as the 


Taking research, for a 
origina 
A new 
may be produced in test-tube or in 


My 


that the research group should not worry 


tor of the new product product 
lab- 
oratory quantities conception ts 
about the process by which that material 
The 
passed on to the 
think a 
should have 


will be made commercially process 


work should then be 
process development group. | 
process development group 
a process research unit who should spe- 
cialize in taking a product that the re 


search group has discovered and devel- 
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We 


rescar©rc h 


talking 


composed 


oping the best process are 


now about process 


usually of organic chemists or research 


caliber people. Chemical engineers work 
ing closely with process research people 
practical-minded, and 
data 


understand the 


will find them 
to develop the 
They 


lem and the close relationship with pilot 


anxious necessary 


for design prob- 


plant work, and I think this approach 
clears up the difficulty that several peo- 
ple have mentioned—that of going back 
to an academic-minded research man and 
data needed for de- 


getting the sort of 


sign data. Research men should spend 
materials to 
The 
should not be worrying about processes 
The 


swer to 


their time making up new 


keep new products coming along 


group ts the 
talking 


process research an- 


most problems we are 
about 

T. H. Chilton: 
but the 
about is the 
that 
a new product 

R. Antonsen: We are 
where it 


Certainly that is one 


answer, research we are talking 


bench-scale chemical re 


search generates a small dream of 
getting to the 
the 
com 
the 
discussed, 


now 
the 


one 


is a question ol 


size of company. In a small 


pany, man can work between 


two. In one case previously 
there was a small research group and 
One 


two. In 


small process design 


work 


group 
the 


man 


could between this 


atter case where you have a much 


a man could be as 
don't 
know how you could discuss this without 


larger organization 


signed to a development group. | 


considering the size of the company. In 


all the discussion so far, we missed some 
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points because some have been talking 
about small companies, and others have 
been talking about large companies 

T. H. Chilton: Unfortunately that is 
the case. What I'd like us to describe is 
the function and how that function is 
best fulfilled. 

Anonymous: | want to expand on An- 
tonsen’s remarks on the differences be- 
tween organizations. Depending upon 
size an organization develops a way to 
handle any particular project. To ex- 
pand that further, we should have a 
clearer definition of our terms. We speak 
of research, and so far it has been de- 
fined as a pure researcher, who con- 
ceived the idea and also as the fellow 
who worked out conditions in the proj- 
ect. Somewhere along this line you must 
confine yourself, when you speak of re- 
search, to a man who conceived the 
idea, and then I agree with the remarks 
as made. 

The men who do pure research should, 
when they have conceived an idea, go 
on to further fields, and turn the idea 
over to somebody more capable of de- 
veloping ideas that have already been 
conceived. 

We should try to define our terms be- 
fore trying to evaluate how 
to be done. In most cases, pure research 
be done in a university, but you 

invite the professor out to the 
plant though you might invite him over 
to see the plant when it is finished. Gen- 
erally it is the 
who take that process and go to the de- 


liaison is 
can 


don't 


development chemists 


velopment laboratory and iron out the 


| kinks 


O. C. Jones (Monsanto Chemical Co., 
Seattle, Wash.): The problem I 
: have heard here is to get the chemist to 


one 


speak the chemical engineer's language, 
pand that is the of 
Both use strange terms. I have a feel- 
ing that a dipole moment to an engi- 
neer has no more meaning that a heat- 
transfer coefficient to a chemist. We are 
speaking of educating a chemist to the 


process teaching 


Further, we are 
speaking of putting the chemical engi- 
meer to work on a bench with the chem 
fist, or as another speaker said, of send- 


engineer's terminology 


ling the chemical engineer back to oper- 
fate the chemist’s equipment in the lab- 
Moratory. This is something that is not 
p question of the size of the organiza- 
Ption. It is a problem only of communi- 
need to 
educate the chemist in the chemical en- 
gineering terms. I have a feeling that 
the chemist’s idea of learning a chemi- 


cation. I think there is some 


cal process is to learn the chemical equa- 
tions that cover it, without any thought 
of the engineering problems. Those who 
spoke of solving the problems have done 
so by educating the chemist in the en- 
gineer’s terms. That might be formal- 
ized. You might have the design group 
come, down to the research lab. and tell 
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the chemists of the engineer's problems. 
Let your chemist meet the chemical en- 
gineer. Just as the chemical engineer 
can see ways to explain to the chemist 
the methods and tools he can use in de- 
velopment, so the chemist can explain 
his limitations to the chemical engineer. 
T. H. Chilton: Improvement in the art 
of communication is desirable in any sit- 
uation but I think there is a real prob- 
lem here and that is doing the job most 
people do not expect the research chem- 
ist to do; namely, to design the plant 
How to translate the requirements of 
the chemical process to lines on the 
drawing is a large problem that isn't 
solved merely by a definition of terms. 
Fred C. Mitchell (Du Pont Co., Wil- 
mington, Del.): There have been several 
discussions on the size of the organiza- 
tion and it enters into the question con- 
siderably. I think it’s comparable to the 
medical profession. If you are in a small 
community, what you need is a good 
diagnostician. You don't need heart or 
brain specialists. In 
three million, 


a community of 


however, you can use a 
lot of specialists. 

A small organization can't have a 
group of experts in chemical engineer- 
ing and separately in chemical research 
One man has really to fill the job; the 
company needs a good diagnostician. I 
think in terms of one man who has filled 
the bill in that order on a grand scale, 
and that is Clifford Seidel who has done 
the main research work and development 
operation helium production. He 
worked on helium research, did the de- 
velopment work in the research lab., and 
later on headed up the engineering work 
He is now, I believe, running the Bu- 
reau of Mines helium production unit. 
But that is a small organization. I don’t 
suppose there are more than 100 men in 
the organization 
If you go from that to a large organiza- 
tion, you come into a different picture 
In a large corporation we just have to 
stop the question of the the 
chemical engineer or whoever it is, get- 
ting the credit 


on 


including production. 


chemist, 


The main problem is to 
get the price down and the products on 
the market. Whoever can do that 
ought to do it 


job 


The opinion has been expressed that 
there is an opportunity for a man to be 
assigned to the work as the chemist de- 
velops the problem in the laboratory, to 
dispense engineering He 
can’t be a man a few years out of school: 
he needs a wealth of varied experience 
He doesn’t have to sit down and take a 
slide rule and solve the problems as long 
as he knows who has the answer. As I 
mentioned medicine—the diagnos- 
tician does not have to be an expert in 
heart disease, he doesn’t have to be a 
surgeon, but he does have to know from 
whom the answer is obtainable. I think 
that is the way we can analyze this 


experience. 


in 
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problem for the larger chemical organi- 
zations. 

Robert L. Stern (Stauffer Chemical 
Co., Chauncey, N. Y.): I'd like to re- 
port on a method which we have tried 
in our organization that has effected 
liaison successfully. We run a small re- 
search group and at times are faced with 
the problem of introducing a chemical 
invention or process to the engineering 
or At that 
time we form a task force consisting of 
a few men, qualified, by their diverse ex- 
perience and broad education in chem- 
istry, engineering, 
analysis, production and personnel meth- 
ods, to form this most direct link be- 
tween research The 
task force is directed against one par- 


production departments. 


chemical economic 


and engineering. 
ticular problem, operates under the su- 
pervision and guidance of the director 
of the research 
idea from the laboratory to its final ex- 
ecution. It represents our liaison from 
laboratory to plant. 

N. Morash: I'd like to discuss the way 
a project engineer can get a job done. 


research, and follows 


By the time you have carried a project 
through research chemist, process de- 
velopment chemist, process development 
engineer, chemical engineer, plant engi- 
neer, and finally into production, you 
have gone through so many people that 
many important items are left out and 
all liaison has long since been lost. 

If you put in charge of an operation a 
project engineer who is responsible for 
that job, after it is conceived by the re- 
search department, and give him the full 
responsibility for getting the job done, 
he can follow it through in the quickest 
time. If you have to wait for meetings 
between your various groups and shift 
responsibilities time is wasted. A com 
petent engineer in charge of the opera 
tion will save time and eliminate head- 
aches. He may consult a specialist when 


he needs to, but even soy he is still in 
charge, and he gets it done 
Anonymous: This policy of letting an 
engineer follow something in research 
through design sounds attractive, but I 
wonder where all these competent proj- 
out of 
Now if 


you are going to have a project engineer 


ect engineers come from. One 


seven research ideas pan out 
follow each of these through, that means 
you'll have to have seven times as many 
project engineers as are now available. 
Where are they coming from? 

R. G. Edmonds: In this connection, it 
is easy to delay a good project by spread- 
ing manpower too thin. There are 
many ideas coming through in a large 
organization that I do not see any possi- 
bility of using the project engineer idea. 
Somewhere the line proposals 
have to be sifted and considered. 


so 


along 
I have 
found that one thing which helps is to 
do the same thing for research and de- 
velopment chemists as is done for man- 
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agement. We prepare carefully consid- 
ered summaries from an economic and 
engineering viewpoint of the value of the 
process, of the products, and the value 
of the extent of engineering development 
required. We weigh the process in terms 
of money, policy, and products that we 
are making; also in terms of any expe- 
rience we have had or can scrape up. 
Frequently all this has not been passed 
back to our research and other interested 
development men. We find a most valu- 
able supplement; for 
spent in 


every ten hours 
summary preparation another 
hour is devoted to assisting management 
and research in the digestion of this in- 
formation. Liaison at this stage does 
not appear particularly important to the 
chemist, but for his real enlightenment, 
just chalk up on a board the relative 
costs of process equipment. 

We have been considering the use of 
a fluidized reaction system and have en- 
countered the usual troubles experienced 
by pilot and development groups. So 
much attention has been concentrated on 
this portion of the process that the other 
more conventional equipment is accepted 
as secondary. Actually when we start to 
itemize the entire plant, it turns out that 
only 12 per cent comprise the reaction 
system. The proper sense of proportion 
is restored by the fact that we could Pass 
back this viewpoint and could point out 
the many other problems of cost and 
design which must be considered. This 
helps immeasurably in securing cooper- 
ation. Process details may not be re- 
membered, but these men do remember 
the consideration you have given them 

J. C. Lawrence (Du Pont Co., Wil 
mington, Del.): This is a discussion on 
liaison between research and engineer- 
ing. What we are talking about are per- 
sonalities, or personnel, because engi- 
neers can get along with research men, 
beautifully. With little effort there is no 
trouble. If around with the 
fellows who are developing a process, 
you get along all right. 
cal engineers are doing it 


you visit 
I think chemi- 

I think if we 
didn’t we wouldn't have organizations 

E. G. Somogyi (Monsanto Chemical 
Co., Springfield, Mass.): I want to say 
that there can be too much liaison. I 
have had some experience, and I'll give 
two examples: One is the case of the 
engineer in on a project so early that 
he formed his notions, and ignored all 
subsequent developments in the research 
department. He did much of his 
design on preliminary work. He had a 
fixed idea and it hard to 
sway him. 


too 


was rather 

An example in the other direction was 
of a research man who was so familiar 
with the limitations of certain pieces of 
equipment that he conditioned his think- 
ing and development, and limited him- 
self seriously. If the research man is 
made to hold the mixing to that which 
we can get on a 2000-gal. glass unit, he 
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is likely to give up if he can’t get the 
agitation he wants for his experimental 
work. 

R. M. McAdam (Du Pont Co., Wil- 
mington, Del.): There are two schools 
of thought here; one has a problem, the 
other doesn’t. If the research chemists 
and the chemical engineers meet only 
through the medium of the “final” writ- 
ten report of the chemist, you have a 
problem. Most feel 
the need of chemical engineering guid- 
ance during their work, and have chemi- 
cal engineers on their research staffs 
Liaison is effected from the beginning 
of any project. The chemist gains 
through this contact and will be more 
valuable in later work if he is allowed to 
follow at least one project through eco- 


research directors 


nomic evaluation, design and plant 
Start-up. 
There may be some lost motion in 


early training, but it will show up in 
later results. I am from the school that 
believes if you start your liaison from 
the beginning, you do not have a prob- 
lem. 

Anonymous: It seems to me that the 
chemical engineers and chemists do not 
speak the same language. I remember 
a case where a process went to the pilot 
plant for operation. The first batch was 
made, the engineer in charge called on 
the chemist and asked, “How did you 
get that stuff out of your beaker in the 
laboratory?” “Why,” said the chemist, 
“T just took a spatula and scraped it out.” 
“Come on out,” said 
have 200 gals. of it.” 

They may have slipped up in letting 
that get through, but the chemist had 


the engineer, “I 


no concept of what he was doing when 
he made up the process. However, you 
to do some 
get this 
can be done 


may find an engineer, ready 
designing, saying, “I 
heat of vaporization—-nothing 
until I do.” 

You chemical engineer 
come into the lab. and try to do it him- 
self. 


have to 


So it has to be determined 
have seen a 
He then appreciates what a prob- 
lem it is to determine these things in the 
laboratory. What we need is education 
on both sides of the fence. The chemical 
engineer should know how things are 
The chemist in 
turn ought to know how things are done 


in the plant 


done in the laboratory 


I propose that we educate young engi- 
netrs. A chemical engineer should work 
in ‘a laboratory and it would be a good 
idea if the chemist went into the plant 
so he, too, can appreciate other problems 

Austin W. Fisher, Jr. (Arthur D. Lit 
tle, Inc., Cambridge, Mass.): It seems to 
me that in trying to get together on a 
general conclusion, we are really on the 
wrong track. We all have different prob- 
lems and every company has a different 
set of personalities to work with and a 
separate set of processes and products 
We shouldn't try to agree on an answer 


that suits all of us. We oversimplified 
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Courtesy Celanese Corp. of 


“ _. . It all depends on the size of the 

ess or project how the chemist stays 

in the picture, either full time or as a 

consultant—perhaps as a key member 
of the team... .” 


and began by talking about the idea at 
the lab. and carried on through. It isn't 
that easy. Originating the idea involves 
quite a bit of the work, and I can't see 
where the engineer fits in until the chem 
ist has the idea and takes the first crack 
at it. But right there, the 
should first become involved, although 


engineer 


primarily as an adviser 

One system that seems to me quite 
workable puts it squarely up to the man 
in charge of the over-all research and de 
velopment. After the chemist produces 
something, then it should be turned over 
to an engineer or several engineers for 
evaluation. After the 
established 


economic picture 
roughly, it might 


prove advantageous to sit down with the 


has been 
chemist, go over it again, and say that 
the thing hot 
commercial 


doesn't look so from a 


standpoint—too expensive 


to do it this way—or we will need these 
data here, or these other points on this 
phase. Then, if it looks at all feasible, 
the chemist finishes his job—which may 
take some time during which the engi 
neer is out of the picture. If after that, 
the thing still looks satisfactory, then the 
project engineer should take over, be- 
cause from there on it engi- 
It all depends on the size of 
the process or project how the chem- 
ist stays in the picture, either full time 
consultant 


becomes 
neering. 


or as a perhaps as a key 
member of the team and perhaps just 
to sort of follow along to see how his 
brain child is coming along. Trying to 
generalize beyond that for a group con- 


clusion is getting too specific 


(The End) 
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RATE OF GROWTH OF CRYSTALS IN 
AQUEOUS SOLUTIONS* 


W. L. McCABE{ and R. P. STEVENS ¢ 


Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


It has been found that r,, the rate at which copper sulfate pentahydrate 
crystals grow in an agitated solution at constant supersaturation, may 
be expressed in terms of the relative velocity between crystals and 
solution, u, the interfacial growth rate, r;, and the growth rate at zero 
velocity, r,, by the empirical equation 


1 


1 


r, rT, + pu r, 


The growth rate is not affected directly by crystal size, but, at low 
values of u, r, is markedly influenced by the crystal-solution velocity. 
As u increases the effect of velocity on growth rate diminishes and 
finally becomes negligibly small. These results are consistent with the 
view that the growth process consists of a mass-transfer process from 
the solution to the crystal surface followed by a reaction at the interface 
which is as yet not fully understood. 


In a crystallizer in which the crystals are maintained in suspension by 
means of an agitator, large crystals grow faster than smaller ones 
because the larger crystals benefit from a higher relative velocity with 
respect to the solution than do smaller crystals, and the relative veloci- 
ties in both cases are in the low range. 


OGICALLY the crystallization 
process is divided into two steps— 


the formation of crystals and their sub 


growth. con- 
with the 


the growth process ; 


This paper is 
second of these 
steps it constitutes 
an attempt to obtain answers to these 
two questions : 


sequent 


cerned two 


1. Does the size of a crystal affect its 

linear rate of growth, and, if so, 
through what mechanism ? 
How is the rate at which a ery stal 
grows affected by the relative 
velocity between the crystal and 
the solution in which it is grow- 
ing ? 


Some preliminary information was ob- 
tained also on the effect of supersatura- 
tion on rate of growth. 

* The original manuscript in extended 
form is on file (Document 3141) with the 
\merican Documentation Institute, 1719 
N Street, N.W., Washington, D. C. Micro- 
film obtainable by remitting $1.00 and 
photocopies $8.70 

Present address 
Whippany, N. J. 

t Present address: 
Co, St. Louis, Mo. 


The Flintkete Co., 


Monsanto Chemical 
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Literature Review 


The literature on crystallization is 
voluminous and only those investiga- 
tions concerned with crystal geometry 
and with the theories and kinetics of 
crystal growth are cited here. With 
respect to crystal geometry the work 
of Gibbs (35), Curie (4), Wulff (20), 
Serthoud (2), and Valeton (16) is of 
fundamental importance. Valuable con- 
tributions to the development of a quan 
titative understanding of crystal growth 
have been made by Noyes and Whitney 
(14), Bruner (3), Nernst (73), Mare 
(8), Wagner (19), Berthoud (2), 
Valeton (16), Kucharenko (7), 
Van Hook (17). In recent years the 
work of Volmer (78), Stranski (75), 
Becker (7), and their collaborators has 
led to important progress in the devel- 
opment of a physical theory of crystal 
formation and growth. Mehl and Jetter 
(11) and McCabe (10) have reviewed 
these recent contributions. 

A review of this literature reveals 
that the process of crystallization from 
solutions involves both mass transfer 
from the solution to the crystal face and 


and 
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an interfacial reaction which is related 
to the work required to add a new lat- 
tice plane to an already formed crystal. 
No completely satisfactory expression 
for the rate of crystallization from solu- 
tions has been developed. Although it 
is known that the rate of crystal growth 
increases with agitation and with tem- 
perature, few attempts have been made 
to evaluate quantitatively the effect of 
these variables. Some data are available 
to substantiate at least partially the 
postulate that in crystallization from a 
melt the liquid to solid transition pro 
ceeds through an activated state requir- 
ing a definite activation energy. 

The shape of a crystal existing in ex- 
act thermodynamic equilibrium with its 
saturated 
terms of the specific free surface ener 
gies of the various faces, but a growing 


solucion can be defined in 


crystal does not necessarily adopt the 
equilibrium form, The relative devel- 
opment of the individual 
crystal may be altered radically by im 
purities in the solution and perhaps to 
some extent by growth conditions. 
McCabe (9%) developed a method of 
predicting the size distribution of the 
product of a crystallization process 
from the size distribution of the 
crystals and verified the theory experi 


faces of a 


seed 


mentally for relatively small amounts of 
crystal growths. 


Experimental 


In the present work crystal growth was 
first studied by growing seed crystals in 
an agitated solution cooled at a controlled 
rate. Results obtained from these experi- 
ments, although somewhat inconclusive, 
led to a study of the effect of crystal size 
and of relative velocity between crystal and 
solution on the rate of growth under con 
ditions of constant supersaturation and 
temperature. 


Rate of Growth of Crystals in a Stirred 
Seeded Solution. In this section a seeded 
solution was cooled from its saturation 
point to various lower temperatures and 
the distribution of the solute on the seed 
crystals was determined at the end of the 
growth period. Conditions were so chosen 
that no appreciable formation of new 
crystals occurred. 
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Fig. 1. Sketch of 
crystallizing unit. 
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Apparatus and Procedure. The small 
batch crystallizer (Fig. 1) which was used, 
consisted of a cylindrical, flat-bottomed 
glass jar, |, of about 1200-cc. capacity 
mounted between a brass cover plate, EF, 
on top and a retainer plate, L, below and 
held in place by brass tie rods, J, between 
the two plates. The crystallizer was fitted 
with a four-bladed glass stirrer, B, driven 
by a variable-speed motor; a 50° C. ther- 
mometer, C; and a conductivity cell, A, 
which is described later. A hand-screw ar 
rangement at the bottom allowed the re 
tainer plate to be released quickly, and per- 
mitted prompt removal of the crystallizer 
jar from the assembly. The crystallizer 
was mounted in a water bath, H, through 
which water at a controlled temperature 
could be circulated and the rate of a cool- 
ing of the crystallizer charge thereby con- 
trolled 

During operation the crystallizer unit 
containing 1000 g. of a solution of copper 
sulfate saturated at 28° C. was completely 
submerged in the water bath. The desired 
rate of cooling and speed of stirring were 
established and when the solution reached 
the saturation temperature, the seed crystals 
were introduced and, at 10-min. intervals 
thereafter, the time, the solution tempera- 
ture and the Wheatstone bridge reading 
were recorded, At the end of the run, the 
crystals were separated from the mother 
liquor by filtering through the 200-mesh 
copper screen sealed into a Gooch crucible 
The crystals were washed with alcohol and 
acetone, both saturated with copper sulfate 
and weighed 

To follow the concentration history 
and thus to determine the supersaturation 
of the solution during the crystallization 
process—a modified conductivity cell posi- 
tioned in a Wheatstone bridge circuit was 
used. The cell (Fig. 2) was so designed 
that the platinum electrodes were shielded 
from the scouring action of the crystals in 
the solution 

To convert the measured resistances to 
corresponding concentrations, the conduc 
tivity cell was calibrated by measuring the 
resistances of copper sulfate solutions of 
known concentrations at various temper- 
atures. The resistance-temperature relation 
was determined over a temperature range 
of 20°C. to 32° C. for saturated solutions 
and for solutions varying in concentration 
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from 39.32 to 46.72 g. CuSO,-5H,0/100 ¢ 
of “free” water. For convenience in plot 
ting the resistance data obtained in the runs 
the calibration data have been plotted as 
resistance vs, concentration at constant tem 
perature. Because of minor fluctuations in 
the cell constant from run to run, it was 
necessary to correct the measured resis 
that the concentration curve 
crossed the saturation curve at the satura 
thon temperature 


tances so 


Sise Distribution Determinations. Crystal 
sizes were measured microscopically by 
means of a microprojector. The method, 
although tedious, is more accurate than 
measurements made through the use of 
sieves. To determine the size distribution 
ot a batch of crystals by this method it is 
necessary to measure the individual crystals 
contained in a representative sample of the 
batch. A sample of the crystals, obtained 
by successive quartering, was evenly dis 
tributed on a microscopic slide, and using 
a millimeter scale graduated to 0.01 mm. or 
104, the dimensions of two adjacent sizes 
of each crystal encountered in several 
traverses of the slide were measured. The 
square root of the product of the two di 
mensions was taken as the crystal size 

From the relation between the number 
of crystals of size L and the total number 
of crystals in a representative sample, the 
size distribution can be calculated in the 
following manner 

The mass of a polyhedron is 

tw = (1) 
If.in a batch of crystals of various sizes 
there are \, crystals of size 1,, \ 
Ls, ete., 


ol size 
then the mass of the entire batch is 


W = Nipb, + + 


+ = Niph 


i=1 
(2) 
Ii the crystals which are measured 


(N., Ita) are representative of the entire 
batch, then 


= Na/N 


Chemical Engineering Progress 


Fig. 2. Sketch of conductivity cell. 


. platinum electrodes 
. Mercury contacts 
%-in. holes 
. glass shield 
. glass seals 
cork washer 
copper wire leads 
. %-in. glass tubes 


WN. 


i=1 
(3) 


in which the quantity under the summation 
sign applies to crystals actually measured 

This equation relates the total number of 
crystals to the experimentally determined 
relationship between size and number of 
crystals. It is desirable to obtain the size 
distribution on a cumulative basis, Le. to 
express N., the total number of crystals of 
size /. or larger, m terms of (Nm)., the 
total number of crystals measured of size / 
or larger 


ince 
Ne 
(Nea). 


Then 
WiNa)e 


i 
(4) 


It is assumed in the derivation of Equation 
(4) that the crystals measured constitute a 
truly representative sample of all the 
crystals in the batch 

All the quantities on the right-hand side 
of Equation (4) can be determined and 
therefore an actual cumulative size distribu 
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ption curve, ie, a plot of L vs. Ne, can be 


Fobtained 


Determination of Shape Factor. The 
Pprinciple of invariancy of crystal shape 
which states that a crystal remains geo- 
Hmetrically similar to its original shape as it 
igrows under constant external conditions 
thas commonly been assumed in studies of 
‘crystal growth. When growth occurs under 
Pvariable imposed conditions, it is reasonable 
Mo expect that the shape factor will change 
Nelson (/2), in attempting to explain the 
Pdeviations from the AL law which his data 
showed, suggested that the shape factor 


TABLE 1.—SHAPE FACTOR DETER 
MINATIONS 
Weight of 

Orystals Number of 

Crystals, N 

0.01611 

O.O178 

0.0303 


Lae 


0.2308 
0.2245 
0.3249 
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might change as the crystal size increased 

In order to determine the shape factor of 
crystals grown under the conditions used 
in the present investigation, selected crys- 
tals from the seeds and product of the runs 
described in the next section were weighed 
and measured and the shape factor calcu- 
lated. Ten groups of reasonably perfect, 
uniformly sized crystals were measured 


TABLE 2.—RATE OF 


GROWTH 


Nine of the determinations proved satis- 
factory. For convenience the shape factor 
is expressed in terms of crystal size; since 
crystals of the same size group were used 
in all runs, this appears justifiable. Since 
the two quantities p and b appear together, 
the product pb has been calculated instead 
of the shape factor b. 
pb has been calculated from the relation 
Ww 
Nile) 


(5) 


Results of the measurements and cal- 
culations (Table 1) indicate that the 
shape factor decreases with increasing 
size and rapidly approaches a constant 
value at the higher crystal sizes used. 

The effect of this variation in shape 
factor on the size distribution curves 
can best be seen by comparing the curves 
obtained when the shape factor was 
assumed constant with those obtained 
when this assumption was not made. 
For the former case an arbitrary cumu- 
lative number of crystals, N’,, can be 
defined such that V’, bN,. In Figure 
3 the size distribution curves of the 
seeds and products of several runs dis- 
cussed in the next section are plotted 
as crystal size, L, vs. this arbitrary 
cumulative number, N’,. The peculiar 
aspect of these curves is immediately 
evident; the product curves cross the 
seed curve, the point of intersection 
occurring at progressively lower values 
of N’, as the amount of growth in- 
creases. It is obvious that, unless some 
crystals grow while at the same time 
others dissolve, the product curve can- 
not cross the seed curve. If, however, 
allowance is made for the variation of 
shape factor shown in Table 1, the 
“crossing over” of the size distribution 
curves does not occur (Fig. 4). Crystals 
used in the shape factor determinations 
were obtained from the seeds and prod- 
ucts of the runs shown in Figure 4. 


Results of Batch Crystallizer Experi- 
ments. In order to establish whether or 
not crystal size influences the rate at 
which crystals grow in a stirred solu- 
tion, i.c., whether or not the A/ 
applicable, a 
made under 


law is 
series of eight runs was 


the following conditions: 


SUPERSATURATION DATA 


(for constant crystal size) 


‘, min 

ro, «/min 

SHO 
100 ¢. free He 


ac 


min 

Ts, 

ac. CuBOs . 
100 g. free Hw) 


min 
a/min 
g. CuSO. . 


100 g. free He) 
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30048 
70 


1.03 


1.06 


4008 
104 


2.80 
154 
500g 


129 
5.00 


1.85 


April, 1951 
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21 93 109 121 135 
0.15 1.70 2.25 2.50 2.75 
0.32 1.39 1.61 1.77 1.90 
L 
92 117 130 141 152 
foxes ce. 2.34 3.35 3.95 4.20 4.30 
1.37 1.72 1.86 1.93 1.95 
et ee 0.0555 648 535 0.555 
0.0914 R41 585 0.540 121 140 150 
999 778 04890 6.95 5.40 5.65 
732 877 0.455 ac 1.77 1.93 1.95 
838 950 0.457 
2 


Seed crystals : 0.50 g./1000 g. solution 
Size of seed crystals : 65-100 mesh 
Saturation temperature: 28° C. 
Cooling rate: 0,02° C./min. 

Stirrer speed : 400 rev. /min. 


AL-N, Cunves 


The cumulative size distribution curvest 
are shown in Figure 4. It is ‘evident 
that AL is not constant. The curves of 
Figure 5 show a marked variation of AL 
with crystal size. 

From the curves of Figure 4 the 
crystal size, L, corresponding to any 
time of contact, ¢, can be obtained for 
any given initial crystal size, L,; and 
from plots of L vs. ¢ the instantaneous ; ; ; + 


rate of growth, dl. /dt(= r,), may be 


g 
readily obtained. Values of r, obtained 


in this manner are shown in Table 2. 
The supersaturation existing in the 
solution at any time, f, may be obtained 
directly from a plot of the resistance 
data + recorded during the runs. 
Since the same conditions were used 
in all runs, the concentration at any time 


CUMULATIVE NUMBER OF CRYSTALS, 


Fig. 5. 


will be the same in all cases. 


From the known variation of crystal 
size and of rate of growth with time 
the rate at which a crystal of constant 


size grows may be determined as a func- 
tion of time and thus as a function of 
supersaturation. The rate of growth- 
supersaturation data for crystals of 
three different sizes are shown in Table 
2 and are plotted in Figure 6. As shown 
in Figure 7, these data can be correlated 


by the empirical equation 


RATE OF GROWTH, 
+ 


r 0.001771L' (6) 


Although Equation (6) is strictly em- 


pirical, it represents the data well. It 4 
indicates first, that the rate of growth SUPERSATURATION, 8C, 


varies with supersaturation although not Fig. 6. Rate of growth vs. supersaturation 


linearly, and, second, that the rate of (constant crystal size) 
growth depends also on size. Under the 
conditions used in growing the crystals 
a small but constant change in tempera- 
ture occurs, which is not considered in . 
Equation (6). Variations in the vis- CORRELATION OF RATE OF GROWTH 
cosity of the solutions over the range ot : with 

conditions used in the experiments are } CRYSTAL SIZE AND suPERSAT'N 
small and their effect has been neglected. 
Perhaps the most interesting and signifi- 
cant indication of Equation (6) is the 
apparent dependency of the growth rate 


on the crystal size. Speculation on the 


meaning of this effect narrows down to 
two questions: (1) Is the rate of growth 
really dependent upon crystal size, or 


(2) Is the effect of crystal size actually pease 
an apparent effect of some other variable 
which in turn is related to the size of 
the crystal? In a stirred solution it is 
likely that identical suspension of crys- 
tals is not obtained and further that the 
manner of suspension may be a function 

of crystal size. It is reasonable to expect ‘ | ‘ 
that the relative velocity between a os ~¢ ” 


* These data are on file with A.D.1 Fig. 7. 


4 
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Sketch of screen assembly. 


A. copper tube 

B. retainer ring 

C. 40-mesh screens 
D. retainer pin 

E. supporting pins 
F. supporting wires 


crystal and its mother liquor may play 
an important part in determining the 
rate of growth. 

Because of the empirical nature of 
Equation (6) and the uncertainties ex- 


Fig. 10. Sketch of U-tube. 
A. rubber ring 
B. “cage” 
C. 4-bladed stirrer 
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CONSTANT 


fy, MICRONS / min. 


° 
> 


RATE OF GROWTH 
° 


= RECIPROCATING CAGE EXPE Ents 
@ STATIONARY CAGE EXPERIMENTS 


CRYSTAL SIZE, L, MICRONS 
Fig. 9. Variation of rate of growth with crystal size at curstant velocity. 


pressed above concerning its validity, a 
series of experiments was carried out to 
establish the effect of crystal size and 
of relative velocity on growth rate. 


Effect of Crystal Size on Growth 
Rate 


Rates of growth of crystals of different 
sizes under controlled solution velocities 
were determined in two types of apparatus 
In the first (reciprocating cage) the crys- 
tals were retained between two screens and 
motion of the crystals with respect to the 
»ution was effected by alternately raising 
and lowering the screen assembly (lig. 8) 
in the solution contained in a 2-in. glass 
tube. In the second (stationary cage) the 
solution flowed at a steady rate past crystals 
retained on a screen iy the apparatus shown 
in Figure 10. The crystals used in deter- 
mining the effect of crystal size were suffi 
ciently large so that the shape factor was 
practically constant 


Reciprocating Cage Experiments. In 
these experiments a small number of espe- 
ciaily selected, uniformly sized seed crystals 
were grown under constant external condi 
tions, Le., temperature, super-aturation, and 
relative motion with respect to the solution 
Periodically, the crystals were removed 
from the solution, measured and returned 
to the solution for further growth. A suffi- 
ciently small number of seeds were used 
so that only a negligible change in concen 
tration occurred over a series of runs. The 
“cage” with the seeds distributed on the 
lower screen was carefully lowered into 
the glass tube containing approxisately 
400 ce. of solution saturated at 28° C. and 
maintained at 27° C. and then rotation of 
the driving arm started. The length of the 
stroke was 17 cm. The period and ampli 
tude of motion and the temperature of the 
bath were constant during each single run 
Between runs the solution was warmed to 
dissolve any nuclei present and then re 
cooled to the bath temperature. Fresh solu- 
tion was used in each series of runs 

Thirteen runs were made in four series 
of experiments in which the velocity was 
constant and the average seed size varied 
from to 1590a; 21 runs were made in 
five series of experiments in which the cage 
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was held motionless and the average seed 
size varied from 550u to 15004. All these 
runs were carried out at 27° C.; a solution 
saturated at 28° C. was used. Table 3 and 
Figure 9 show the relationship between 
the rate of growth and size of the crystals 
(average size of seeds and product) 

\ small variation in the growth rate 
with crystal size was found in the runs at 
zero velocity but in the other cases, the 
rate of growth at constant velocity was 
independent of crystal size 


TABLE , EFFECT OF CRYSTAL SIZE 
AND SOLUTION VELOCITY ON RATE 
OF GROWTH 


Reciprocating Cage Experiments 
ect of Crystal Size 


Growth 
Rate, 
a/min 


Velocity Av 
cm sere 


Crystal 
Size, 


Effect of Solution Velocity 


Stationary Cage (U-Tube) Experiments 
Effect of Crystal Size 


age 
1240 
Effect Vek 


of Solution 


* For the reciprocating cage experiments these 
* maximum velocities 
t Average size of seed crystals 
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‘ 
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158-161 3.3 960 1.62 
162-164 34 1160 1.65 
165-167 35 1420 1.65 
180-183 09 730 121 
177-179 750 136 
‘ 1R4-187 246 Tho 142 
158-161 760 162 
171-172 “9 THe 147 
‘ed 174-176 139 155 
220-222 5 
200-203 
224-226 
18-191 740 1.16 
20R-211 720 141 
192-195 10 720 1.53 
212-215 14 720 161 
196-199 19 730 1.71 
216-219 2.3 720 120 
200-203 2.7 730 1.92 
220-222 2.7 720 1.85 
4 204-207 3.6 730 1.92 
— Apri | 
il, 1951 


Stationary Cage Experiments. \n the 
apparatus (Fig. 10) used in these experi- 
ments liquid, forced upward in one leg of 
the U-tube by a four-bladed stainless steel 
stirrer, flowed across the bridge and down 
through the other leg in which the crystals 
were placed. The cage rested securely on a 
tight-fitting rubber ring to eliminate any 
possibility of soiution flowing between the 
cage and the tube wall 

The method of operation used in these 
experiments was essentially similar to that 
described in the preceding paragraphs. The 
U-tube was filled with solution, the cage 
containing the selected seeds was lowered 
onto the supporting rubber ring and the 
stirrer was started. At the end of the 
growth period the crystals were recovered, 
weighed, and measured. Between runs the 
cage was carefully washed and dried and 
sufficient solution added to the tube to make 
up for that lost on removal of the cage 
Fresh solution was used for each series 
of runs 

Thirteen runs were made in four series 
of experiments in which the solution ve- 
locity was constant and the crystal size 
varied from to 18004. The relation 
between the growth rate and the crystal 
size found in these experiments is shown 
in Table 3 and Figure 9 


These data and the results of the re- 
ciprocating cage experiments show that 
there is no effect of size on the rate at 
which crystals grow, provided the liquid 
velocity does not change. 


Effect of Relative Velocity on Rate 
of Growth. The effect on the rate of 
crystal growth of the relative velocity 
between the solution and the crystals 
has been studied in the same apparatus 
used to investigate the effects of crystal 
Methods of the 
same as described above except that the 
velocity was varied. 

Results of 21 runs in series of 
experiments in which the average seed 
size was constant at about 750m and the 


size. operation were 


SIX 


crystal-solution velocity varied are sum- 
marized in Table 3 and are plotted in 
Figure 11. 

Results of 35 runs carried out at nine 
different flow rates in the l’-tube are 
summarized in Table 3 and plotted in 
Figure 11. 


Comment 


In view of the demonstrated absence 
of any effect of crystal size on the rate 
of growth, the apparent presence of 
such an effect in the data on crystals 
grown in a stirred solution must be 
attributed to differences in relative ve- 
locities on the crystals of different sizes. 
The conclusion is drawn that the rate 
of growth is a function of supersatura 
tion and of crystal-solution velocity but 
is independent of size per se. 

Even though apparently good agita- 
tion is used in many industrial crystal- 
lizers, the relative velocities, particularly 
of small crystals, are normally quite 


low; and considerable difference exists 
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between the relative velocities of large 
and of small crystals. Results of this 
investigation show that under such con- 
ditions the rate of growth of the larger 
crystals is favored over that of the 
smaller ones. 


Effect of Size on Rate of Growth. In 
the development of the AL law it was 
assumed that the crystals were sus- 
pended under identical conditions and 
that the shape factor was constant. Re- 
sults of the investigation of the effect 
of crystal size on the rate of growth 
provide additional evidence that the AL 
law is valid if the assumed conditions 
obtain. Results indicate further, that, 
assuming constancy of shape factor, this 
law holds for the case in which the 
relative velocity of the crystals are suffi- 
ciently high so that velocity no longer 
affects the growth rate. However, in 
most industrial crystallizers it is doubt 
ful if these conditions are met and 
therefore the AL law cannot be safely 
applied. 


Rate of Growth Data Inspection ot 
Figure 11 shows that as the relative 
velocity between the solution and the 
crystals increases, the growth rate in 
creases rapidly from a finite value and 
approaches asymptotically a rate inde 
pendent of velocity. The existence of 
the asymptote strongly suggests that 
there is a finite rate of crystallization 
at the interface which is independent of 
the crystal-solution velocity and which 
soon becomes controlling as this velocity 
is increased. The effect of velocity in 


the low range suggests the usual effect 
of velocity on mass transfer to the inter- 
face through the liquid phase. 

At the velocities used in these 
experiments (equivalent to modified 
Reynolds numbers of 0 to 30) it might 
be expected that the coefficient of mass 
transfer to the interface would be pro- 
portional to a concentration difference ; 
the over-all rate would then be given by 
the equation 


low 


(7) 
It is obvious that Equation (7) does not 
check the data of Figure 11 because it 
is inconsistent the 
rate at zero velocity. Also Equation (6) 
shows that the over-all growth rate is 


with finite growth 


not proportional to the over-all concen- 
and the 
rates of the two series reactions assumed 


tration difference, therefore, 
in writing Equation (7) are not both 
proportional to the concentration dif- 
terence 

The failure of Equation (7) led to 
the test of an empirical equation of the 
correlate the rate 


following form to 


data 


where f(«) is a function of velocity 
assuming a value for 
l/r, and plotting the data of Table 3 
(stationary cage experiments) as 1/r 


reasonable 


SOLUTION weer), U, 


RATE OF GROWTH, fo, MICRONS /MIN. 


© STATIONARY CAGE EXPERIMENTS 
= RECIPROCATING CAGE EXPERIMENTS 


5 8 
MAXIMUM VELOCITY, Um, CM/SEC. 


Fig. 11. Effect of velocity on rate of growth. 


Chemical Engineering Progress 


Page 173 


a 
1 1 1 
+ 
a\/u 
1 l 1 
+ 
fim) 
(8) 
‘ 


vs. uw, it was found that the function 
f(u) is empirically linear in u. 
The over-all rate can be written, 
therefore, as 
1 + 1 
ro + Bu 
(9) 


For the L’-tube experiments the empir- 
ical values of r,, B, and r; are 1.65, 3.5 
and 2.20 respectively. A plot of Equa- 
tion (9) with these constants is shown 
as line a-a in Figure 11. 

Correlation of the rate data obtained 
in the reciprocating cage experiments by 
Equation (9) requires an equation that 
takes into account the velocity variation 
due to the cyclic motion of the cage. 
The total growth of each crystal during 
one quarter of a revolution of the driv- 
ing mechanism is 

4L = rat 
0 


Substituting the expression for r, from 
Equation (9) and expressing in terms 
of the angular velocity, w, and the radius 
of the crank, R, yields an expression for 
the average growth rate, 


2wAl 
r,(av.) = 


dx 
a+k cos x 


(10) 


in which a = r,+1r;, k = 1.91@BR, and 
wt. 

The constant 1.91 is the ratio of the 
Bross area to the net area of the recipro- 
Eating cage. 

For the reciprocating cage experi- 
Ments, the maximum velocity, w,,, i 
@R and k = 1.91Bu,,. Data for the re- 
€iprocating experiments show an asymp- 
tote of r; = 1.6 rather than the value of 

2, found in the stationary cage experi- 

ents. Values of r, and B found in the 

ationary cage experiments, however, 
the results from the reciprocating 
ge experiments and therefore, k = 

8 u,,. Values of r,(av.) vs. u,, caleu- 

ted from Equation (10) are plotted 

curve 6 — b in Figure 11. 


Interpretation of Equation (9). 
Equation (9), due to its empirical na- 
ture, is probably an oversimplified ver- 
sion of the proper basic equation which 
is still unknown. It may be interpreted, 
however, as follows: the mass transfer 
to the interface, the rate of which is 
given by the term (r, + Bu), consists of 
two parallel processes, a diffusion effect 
independent of velocity and a flow effect 
dependent on velocity. The mass trans- 


1s 


fer is followed in series by a reaction 
at the interface. The variation of the 
rate of this reaction in the two sets of 
growth experiments as shown by the 
two different values of r;, is not surpris- 
ing as it is known that the rate of such 
a reaction is sensitive to small amounts 
of impurities in the crystallizing solu- 
tion. It is possible that the purity of 
the solution was not constant in both 
cases as no special effort was made to 
purify rigorously the solutions used. 

In the usual types of industrial crys- 
tallizers the larger crystals, because of 
their higher settling velocities, will tend 
to move through the solution faster than 
the smaller crystals. In both cases the 
velocities of movement through the 
solution will be low and in a range 
where the velocity is an effective var- 
iable. Such conditions favor the prefer- 
ential growth of the larger crystals, 
which usually is desirable. The size 
distribution of the product from such 
crystallizers shows this effect qualita- 
tively. 


Summary 


Results of this investigation may be 
summarized as follows: 


a. The size of a crystal is not a direct or 
primary factor in determining the rate at 
which it grows. 

b. The rate of growth of a crystal in- 
creases as the velocity with which it moves 
relative to the surrounding solution in- 
creases. This increase of growth rate is 
quite appreciable in the low velocity range 
but becomes progressively less as the ve- 
locity is increased and soon becomes prac- 
tically negligible. These results are con- 
sistent with the theory that the growth 
process consists of a mass transfer of solute 
to the solution—-crystal interface followed 
by an interfacial reaction 

c. An apparent effect of size on growth 
rate is obtained if the relative velocities of 
crystals of different sizes differ and if the 
velocities are in the low range where they 
are effective 

These results indicate that in industrial 
crystallizers the growth rate will be a func- 
tion of crystal size and the growth of 
larger crystals will be favored. 


Notation 


shape factor, volumetric 
concentration, g. salt/100  ¢. 
“free” water 
average size of crys als, 
number of crystals 
arbitrary number of crystals 
rate of growth, »/min. 
= radius of crank arm, cm. 
distance travelled by cage from 
center point 
time, min. 
velocity, cm./sec. 
= mass of crystals, g. 
= constant 
finite change 
angle between crank arm and 
horizontal, radians 
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p = density, g./cc. 
@ = angular velocity 
radians /min. 


of crank, 


SUBSCRIPTS : 
refers to cumulative number 

of crystals 

2 refers to over-all growth 

Teters to interiace 

,Tefers to crystals of specific 
average size 

» refers to crystals measured; 
also to maximum conditions 

, refers to initial conditions ; alse 
to zero velocity 
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ISOTHERMAL FREE JETS OF AIR MIXING 


J. F. TAYLORT, H. L. GRIMMETTT, and E. W. 


WITH AIR 


University of Illinois, Urbana, Illinois 


Free jets of air mixing isothermally with the surrounding air are de- 
scribed. Jets from nozzles with diameters of 0.50, 0.75 and 0.90 in. were 
used at initial velocities from 30 to 800 ft./sec. These jets had a flat 


velocity profile at the nozzle exit. 


Radial profiles of momentum flux 


velocity were measured at a number of positions along the jet axis with 
a 0.065 in. O.D. impact tube. The resulting momentum flux velocity 
profiles were correlated in terms of six dimensionless ratios on a gen- 
eralized basis and on this basis were found to be essentially independent 
of the initial jet velocity and jet diameter in the ranges covered. Near 
the nozzle the relations were expressed graphically. At distances 
greater than 10- to 15-nozzle diameters the ratio of the momentum flux 
velocity to the momentum flux velocity along the axis was related to a 
relative radius by an error-type function independent of the distance 


from the nozzle. 


The momentum flux velocity profiles were corrected to mean velocity 
profiles and were then used to determine the mass flowing across the 
plane of the profile per unit time. At distances greater than 15-nozzle 
diameters the mass flow increases linearly with distance. 


JET of fluid entrains and mixes 

with another fluid in a number of 
important engineering applications. 
These include the simple mixing of 
fluid streams, entrainment in jet pumps 
and ejectors, spray drying, combustion 
of gas, oil, and powdered coal, gas-phase 
chemical reactions and similar opera- 
tions. This paper describes experiments 
with a jet of air issuing into the air 
of the room and at the same tempera- 
ture as the room. 

It is characteristic of such a jet that 
considerable turbulence is generated and 
the turbulence level throughout most of 
the jet is higher than that normally en- 
countered in flow through straight pipes 
and ducts. The component, u, in one di- 
rection of the instantaneous velocity at 
a point in turbulent flow may be repre- 
sented by 


(1) 


where @ is the time average of the ve- 
locity component and w’ is the instantan- 
eous fluctuation from this mean. The 
time average of w’ is thus zero by defi- 
nition. However, the time average of 
the square of the fluctuating component 


w’? is not zero. An ideal impact tube 
will measure pu*. This can be expressed 
in terms of average and fluctuating 
velocity components at constant density 
by 

? 


pus + pu’ (2) 


* Present address: Shell Development 
Co., San Francisco, Calif. 
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Thus, the evaluation of the mean ve- 
locity component @ requires a knowledge 
of the term w? in addition to impact tube 
measurements. The mean velocity @ is 
required to determine the mass velocity 
at any point. This is pu or at constant 
density pi. 

An impact tube was used throughout 
this work. Since this does not measure 
the mean velocity the measurements are 
reported as momentum flux velocities de- 


fined as 
j=; 
pus 


which becomes V “2 at constant density. 
This is not in general equal to @ The 
average velocity component & was esti- 
mated in a few cases by taking into 
account the value of \/ , : as determined 
by Corrsin (5). 


Li 


COMINGS 


Experimental Apparatus 


The experimental apparatus consisted 
essentially of an air source, a flow control 
and metering system, a flow nozzle, and an 
impact tube mounted on a mechanism for 
traversing in three directions. The flow 
diagram 1s shown in Figure 1 

The air was supplied by a diesel-driven 
air compressor with a capacity of 500 std 
cuit./min, at a pressure of 100 Ib./sq.in. 
gage. The compressor was of the two-stage 
type with interstage cooling. It was con- 
nected to an aftercooler through a section 
of flexible pipe inserted to eliminate vibra- 
tions. The air then passed through an oil 
and moisture separator into two air re 
ceivers with a total capacity of about 200 
cu.ft. Two ceramic filters downstream of 
the air receivers were used to remove 
entrained oil and water 

Pressure regulation was accomplished by 
means of two control valves, one for flows 
up to 50 std.cu.ft./min. and the other for 
flows up to 350 std.cu.ft./min., both valves 
having a pressure control range of from 
0 to 100 Ib./sq.in. gage. The metering sys- 
tem consisted of a set of nine critical orifice 
plates that covered a range of flows from 
0.5 to 350 std.cu.ft./min. The critical orifice 
plates were inserted between two flanges 
fitted with three asymmetrically located 
pins that allowed only one orientation of 
each orifice plate. A standard 0.952-in 
diameter flow nozzle was used to calibrate 
the orifice plates with an accuracy of + 44% 
(8). The pressure upstream of the orifice 
plate was measured with a bourdon-type 
gage with a precision of 42% of the full 
scale reading. A bulb-type dial thermom 
eter measured the upstream temperature 
within +2°F. The pressure downstream 
trom the orifice plate was checked with a 
bourdon-type gage to insure that the down 
stream to upstream pressure ratio was less 
than the critical pressure ratio at all oper- 
ating conditions 

Temperature control of the air was by 
means of four shell and tube heat ex 
changers in series, each with a surface area 
of about 35 sqft. The heat exchangers 
could be supplied either with water at about 
215° F. from a steam boiler or with cold 


Fig. 1. Flow diagram 
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Fig. 2. 0.9-in. ASME nozzle. 


water from the main. Temperature control 
was effected by by-passing part of the 
metered air and mixing it with the stream 
from the heat exchangers. The temperature 
just upstream from the flow nozzle was 
controlled and adjusted to compensate for 
the temperature drop in the adiabatic ex- 
pansion of the air through the nozzle so 
that the temperature of the air discharging 
trom the nozzle was the same as that otf 
the air in the room. 
The nozzle upstream pressure and the 
impact tube pressures were measured with 
a series of three manometers, a 40-in, mer- 
cury manometer, a 40-in. water manometer, 
and a micromanometer of the Wahlen gage- 
type (14) which could detect pressures of 
from 0.001 to 1.000 in. of alcohol 
Several different flow nozzles were used 
in the experiments all having an ASME 
long radius-low ratio-type (2) approach 
section but having different throat dia- 
meters, throat lengths and exterior designs 
The principal features of these nozzles are 
listed below. The 0.500- and one of the 
0.900-in. nozzles had throats as specified by 
the ASME. The other 0.900-in. nozzle had 
a throat section 1.5 in. longer than specified 
by the ASME. The 0.750-in. nozzle was 
equipped with interchangeable extensions 
as shown in Figure 3. Only the 1.25-in. ex- 
tension of this nozzle was used in these 
tests. (See Table A, p. 179.) 
: The impact tube traversing mechanism 
§ allowed movement in the direction of flow 
Sof the jet from the plane of the nozzle 
| discharge to 100-cm. distance, lateral move 

ment tor +30 cm. from the jet center line, 
jand vertical movement from the jet center 
pline of +25 cm. The traversing apparatus 

consisted of two horizontal steel rails 


cM 


RADIUS 


Stender ASME 


parallel to the jet axis and one horizontal 
rail normal to the jet axis. V’-notches were 
milled the length of the two rails and a 
single ball-bearing moved in each notch 
serving as the end support for the cross 
rail. The surface of the cross rail was 
ground on the top and one side. A carriage 
rode on these ground surfaces. The impact 
tube was mounted on a 7%-in. diameter rod 
im a vertically adjustable support on the 
cross carriage. This mechanism was 
aligned with the nozzle axis within 2 mm 
in 60 cm. The location of the impact tube 
was determined by meter scales on the 
three coordinate axes 

The impact tube was constructed from 
No. 16 hypodermic needle tubing (0.065-in 
O.D.) and was calibrated against the 
standard flow nozzle by placing its tip at 
a distance of '2 a nozzle diameter from the 
plane of discharge of the nozzle. The ve 
locity at this point is the same as the 
velocity at the nozzle exit and at this dis- 
tance trom the nozzle the impact tube did 
not change the effective cross section of 
the nozzle throat. The velocity profile at 
the nozzle discharge was uniform within as 
close to the wall of the throat as the im 
pact tube could be placed. The nozzle dis 
charge velocity could thus be compvted 
from the mass rate of flow and the air 
density. The density of the air was cor- 
rected for water content by a humidity 
measurement taken upstream of the critical 
orifice plate (&). Air was bled off into a 
chamber containing a wet- and a dry-bulb 
thermometer. Calibration of the impact 
tube was made over a range of velocities 
from 2 to 1100 ft./see. 


Experimental Results 

The turbulent velocity fluctuations in 
a free jet are sufficient to effect meas- 
urements with an impact tube. From a 
momentum balance around an impact 
tube it may be shown that the quantity 
measured is the mean value of the prod- 
uct of density and the square of the 
instantaneous velocities pu®. This is re- 
lated to the mean velocity by Equation 
(2). 

The term pu represents the momen- 
tum flux in a region of constant density. 
This. may be compared with the types 


THROAT EXTENSION 
(0.25” sHoOwN) 


STANDARD ASME 
CONVERGENT 


KNURLEO NUT 
Fig. 3. 0.75-in long throat nozzle. 


of flow normally encountered in straight 
pipes and ducts. The term including the 
fluctuating components of the velocity 
is then usually negligible and the impact 
tube measures the square of the mean 
velocity. 

In a free jet the fluctuating component 
of velocity is not negligible and the 
effect is included in measurements with 
the impact tube. The velocities reported 
here are thus the square root of the 
momentum flux divided by the air den 
sity and may be considered as the mean 
velocity #@ only when the turbulent com- 
ponents of the velocity can be neglected 
The values computed from the impact 
tube measurements will be designated as 
momentum flux velocities. 

Distribution of the momentum flux 
velocity ratio in a free 
Figure 4 


jet is shown in 
Distribution of this ratio at 
the exit of the nozzle is uniform and as 
the jet spreads in the region near the 
nozzle exit. a portion of the profile re- 
mains uniform for a certain distance 
from the nozzle. This is the region ot 
the “potential cone” in which the ve 
locity is equal to the discharge velocity 
Distances from the nozzle are expressed 
as nozzle diameters, and velocity ratio 
profiles are shown at distances of 2-, 4-, 
6-, 10-, 20-, and 30-nozzle diameters. 
The profiles are the ratio of the momen- 
tum flux velocity at any pomt r to the 
momentum flux velocity at r equal 0 
(the jet axis). All the profiles, there 
fore, have a maximum value of unity on 
the jet axis. The dotted profile shown 
at the right of the figure is the momen- 
tum flux velocity relative to the nozzle 
discharge velocity as a function of r and 
indicates the relative velocities at this 
distance as compared with the initial 
velocity of the air issuing from the 
nozzle. 

A radius indicative of the jet spread 
is termed r.,9 and is defined as the 
radius at which the momentum flux 
velocity on a given profile is one half 
the momentum flux velocity on the jet 
axis at that distance. Such a de- 
fined radius is necessary since there 
is no ready means of determining 
the jet boundary. The boundaries 
shown in Figure 4 are fictitious and are 
included only to clarify the representa- 
tion of the jet. Location of the Ti9 
radius is shown. 

The radial distribution of momentum 
flux velocity is considered in three re- 
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gions of the jet: region of the potential 
cone, a transition region, and region of 
fully developed flow. 

In the potential cone region the mo- 
mentum flux velocity profiles for the 
0.900-in. long throat nozzle have been 
correlated by a single empirical curve 
for profiles taken at distances of 0.5-, 
1.0-, 2.0-, and 3.0-nozzle diameters. The 
empirical correlation was obtained for 
the data in this region by considering 
the portion of the profiles outside the 
potential cone. The potential cone length 
was 3.5-nozzle diameters, and the radius 
any 


of the potential cone at distance 


09 IN. LONG THROAT NOZZLE 
T,=390 FT/SEC. 
TRANSITION 


REGION 


a4 


from the nozzle could be determined 
from the equation : 

D 74) 


Using this radius, the momentum flux 
velocity ratio 


u= 
| ii, 


was plotted as a function of 


The coordinates of the resulting gen- 


eralized curve are given in Table 1 


20 


Wry, 


Fig. 6. Radial distribution of momentum flux velocity ratio. 


The momentum flux velocity ratio at a 
velocity of 390 ft 
distances of 0.5-, 1.0-, 2.0-, and 

nozzle diameters with the 0.900-in, long 
throat nozzle is shown in Figure 5. The 
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Fig. 9. Axial distribution of momentum flux velocity ratio. 


correlation is independent of distance 
and nozzle discharge velocity within the 
accuracy of the data. Baron and Alex- 
ander (3) have computed values for 
profiles at distances of one and two 
diameters. Their calculated points were 
converted to the same basis as used in 
the empirical correlation by means of 
the potential cone equation (Eq. (3)) 
and were found to be in agreement with 
this correlation. 

In the transition region of the jet, the 
velocity profiles change in shape from 
that of the potential cone region to the 


gion of fully developed flow. This 

transition is shown in Figure 6 for the 
| 0.900-in. long throat nozzle at distances 
| of 4, 6, and 8-nozzle diameters. At dis- 
}tances of 10-nozzle diameters and 
) greater, the velocity profiles are of the 
}same shape, and the flow has become 
fully developed. 

Figure 7 shows a plot of the moemen- 
ttum flux velocity ratio distributions in 
the developed flow region for a dis- 
‘charge velocity of 390 ft./sec. at dis- 
Mtances of 10-, 15-, 20-, 25-, and 30- 
‘nozzle diameters, vs. the ratio r/r,,9 for 
‘the 0.900-in. long throat nozzle. The 
data at several distances from the noz- 
izle are well represented by the empirical 
Feurve drawn through them. The same 
Pcurve is shown in Figure 8 at a distance 
of 20-nozzle diameters for the 0.900-in. 
long throat nozzle with nozzle discharge 
velocities of 166, 390, 598, and 801 ft./ 
sec. The data again are well represented 
over this range of nozzle velocities. The 


TABLE 2.-—-CONSTANTS FOR FLOW FROM 


SEVERAL NOZZLES 
Throat 

Diameter 
fim.) 
0.9 
09 
0.75 


0.5 


Nozzle 

Throat 
ASME 
Long 


Long 
ASME 


0.0754 
0.0754 
0.0741 
0.0794 


curves shown in both Figures 7 and 8 
are expressed by the relation: 


(4) 

A typical axial distribution of momen- 
tum flux velocity is shown in Figure 9, 
in which the dotted curve is drawn 
through the experimental points and the 
solid curve is of the form of the equa- 


tion: 
= 1 


(5) 
2c,x/D 


o 
with c, = 0.0754. The potential cone 
region is in evidence in the figure where 
the velocity is constant with distance. 
Equations (4-6) are similar to those 
used by Reichardt (J0) for a point 
source jet. Their agreement with the 
experimental data indicates that the 
finite source jet begins to behave as a 
point source jet at a distance of about 
10 diameters from the nozzle. 

Values of r; 2 for a discharge velocity 
of 390 ft./sec. are shown in Figure 10 
for profiles taken at several distances 
from the nozzle. The solid curve repre- 
sents the equation for the rj, distribu- 
tion obtained from the equation used by 
Reichardt (10). 

iyo = Cox Vf (6) 
with cy = 0.0725. The conservation of 
momentum flux from one cross section 
of the jet to another requires that the 
values of c, and cy as determined from 
the axial distribution of velocity and 
from the r,,9 distribution respectively 
must be equal. The values of c, and cy. 
determined above are not quite equal. 
This discrepancy will be discussed here- 
inafter. 

Radial and axial profiles of velocity 
were taken with the 0.500-in. ASME 
nozzle, the 0.750-in. long throat nozzle, 
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and the 0.900-in. ASME nozzle in addi- 
tion to the 0.900-in. long throat nozzle 
already described. The constants char- 
acteristic of the flow produced by the 
several nozzles are given in Table 2. 
There is a slight tendency for the values 
of both ¢, and r,,9/D to increase with 
decreasing nozzle diameter. At distances 
of 2- and 6-nozzle diameters, the values 
of ry/2/D for the two 0.900-in, nozzles 
and the 0.750-in. nozzle were in com- 
plete agreement and did not indicate any 
trend with the change in nozzle dia- 
meter. 

The form of the radial distributions of 
momentum flux velocity ratio was inde- 
pendent of the changes in nozzle dia- 
meter as is shown in Figure 11. 


Discussion of Results 

The discrepancy in the values of the 
constants, ¢, and ¢y, as calculated from 
the axial distribution of the momentum 
flux and as determined from the slope 
of the r,, distribution appears to indi- 
cate that the total momentum flux at any 
cross section is a function of the distance 
from the nozzle. The total momentum 
flux ratio may be determined by com- 
bining Equations (4-6) and integrating 
across the section resulting in the rela- 


where m and m, are the total 
flux at any plane x and at x = 0 re- 
spectively. The constants c, and cy are 
from Equations (5) and (6) respec- 
tively. For the momentum flux to be 
conserved the two values of ¢ must be 
equal. The discrepancy between c, and 
C2 obtained in the experiments can be 
traced most logically to the techniques 
of measurement used. The pressure 
throughout the jet was assumed con- 
stant. It can be shown that even when 
the pressure varies somewhat this would 
not lead to inequality of the constants c, 
and cy as determined here. The impact 
tube was calibrated in a uniform flow at 
a low turbulence level. Under these con- 
ditions the effect of angle of attack can 
also be observed. However, such a cali- 
bration does not correct for any effect 
due to the marked fluctuations in both 
velocity and in angle of attack encoun- 
tered in the free jet. Measurements 
with the impact tube near the exit to a 
nozzle fitted with a screen to generate 
turbulence indicated that turbulence level 
should be taken into account in the cali- 
bration of the impact tube. The different 
values of c, and cy are probably indica- 
tive of the limitations imposed on the 
accuracy of the measurements by the 
turbulence. 

The entrainment by the jet may be 
obtained by determining the distribution 
of the mass velocity pa at any cross 
section and carrying out a suitable inte- 


(7) 


momentum 
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gration over the section. The calculation 
of the average velocity @ from the 
momentum flux velocities requires a 
correction u’?. This term may be 
measured with a hot wire anemometer 
and such measurements have been made 
by Corrsin in free jets issuing at some 
what lower velocities than those used 
here. These values may be used to 
convert the present measurements to 
average velocity provided the turbulence 
level distribution does not change ap- 
preciably with velocity. This was 
assumed to be the case and the average 
velocity computed from the relation : 


for 


aa 
(1+ 
The distribution of the momentum flux 
velocity along the axis for the 0.750-in. 
nozzle with a 1.25-in. throat extension 
is shown in Figure 12. The calculated 
axial distribution of the average compo- 
nent of velocity is shown for compar- 
ison. The difference is not great. The 
radial distribution of these two quanti- 
ties at a single value of x/D is shown 
in Figure 13. The ratio of 
plotted against 1’; which is based on 
This differs slightly from r,,. and 


(8) 


ti/fi, ws 


serves to bring the two curves together. 
The entrainment ratio in a free jet is 
defined as 


? d 


M, Apii, 
where M is the mass flux crossing any 
plane at a distance x+/D from the nozzle, 
M, is the mass flux from the nozzle at 
x«/D = 0, and A is the cross-sectional 
area of the nozzle throat. From the dis- 
tribution of mean velocity computed 
above, the mass flux at +/D was 5.14 
times the mass flux from the nozzle. The 
general equation for the distribution of 
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Fig. 10. Axial distribution of r, .//) 


the mass flux with distance in the de- 
veloped flow region of the jet may be 
obtained from the equations for the 
axial and radial distributions of @, and 
from the r’; distribution 


(10) 
(11) 


(12) 


When these equations are substituted 
into Equation (9), the relation obtained 
for the mass flux is: 

4c," 
— — = 026- 


x 
D 

(13) 
If the momentum flux velocity is used 
(i.e., Eqs. (4-6)) instead of &@ the equa- 
tion for the mass flux is: 

= 0.264 

ra D D 

(14) 

which differs from Equation (13) by 
7.3%. This is indicative of the error in 
a mass balance which arises from neg- 
lecting the turbulent fluctuations. 
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0.9 IN. ASME-C 408 


Comparison with Other Investigators. 
Velocity distributions in axially sym- 
metrical free jets have been measured 
by several investigators (1, 4, 5, 9, 11, 
13). In most cases impact tubes were 
used. Corrsin used a hot wire anem- 
ometer as well. Table 3 shows a com- 
parison of the constants c,; and ¢, cal- 
culated from the data obtained with im- 
pact tubes by others in this work. 

Albertson et al reported their data in 
the form of an equation based on the 
conservation of momentum. This arbi- 
trarily makes c, equal to cy. In all the 
other cases cy is always less than c,. The 
hot wire anemometer measurements of 
Corrsin yielded average values of the 
resultant velocity instead of the axial 
component of the momentum flux ve- 
locity as measured here and cannot be 
compared directly. Albertson and also 


TABLE A 

Nozzle Extension 

Diameter of Throat 
in Length 


ASME 
1.25' 


0.500 
0.750 


0.900 
0.900 


ASME 
1S 
Throat 


‘Length in inches as extension to ASME 


throat specifications. 


FT 


]a75 IN LONG THROAT NOZZLE-8 


-B 180 


T= 180 FT /sec. 


We, 


CY) 12 


Fig. 11. Radial distribution of momentum 


flux velocity ratio. 


Vv 


Comparison of axial profiles of 


Chemical Engineering Progress 


20 
fi, 1 
a,  2¢,'*/D 
_ * 
—p = in4 D | 
| 
| 
|| | | Long 
Throat 
* 0.91N. -D 390 
x/0=20 
AND 
| | iy 
Fig. 12. 
| 
Vol. 47, No. 4 ee Page 179 


Fig. 13. Comparison 
of radial of 
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Keagy and Weller used equations simi- 
lar to (4-6). The values of c,’ and c,’ 
for the component of the mean velocity 
determined by the method already de 
scribed, are 0.0763 and 0.0685 respec- 
tively. 

None of the investigators corrected 
his impact tube readings for the ve- 
locity fluctuations and therefore all im- 
pact tube data reported are distributions 
of the square root of the momentum 
flux and not the mean velocity. The 
correction to impact tube data to obtain 
mean velocities has been described by 
Goldstein (7) and by Corrsin (5, 6). 


Conclusions 
The flow field of a free jet issuing 
from a round finite source may be gen- 
eralized and the momentum flux velocity 
| distributions correlated by utilizing the 
dimensionless groups 


tis 


rhe nozzle discharge velocity and the 
tnozzle design affect the generalized cor- 

‘relations only slightly. 
: It is necessary to correct impact tube 
Freadings for the presence of velocity 
fluctuations in order to compute the 
mean velocity and the mass flux, which 
requires that a knowledge of the tur- 
bulence level be available for all points 
where impact tube readings are taken. 
In the highly turbulent flow field of 


TABLE 3.—COMPARISON OF RESULTS OF 
SEVERAL INVESTIGATORS 
Investigator 

Albertson, et al 

Corrsin and Uberoi 

Keagy and Weller 

(0.750-in. long throat nozzle 


0.0806 
0.0751 
0.0862 


0.0754 
178 ft. see.) 


0.0747 0.0702 
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a free jet the momentum flux velocity 
differs as much as 12% from the mean 
velocity. 

Notation 


cross-sectional area of the noz 
zle throat 

listribution constant for 
momentum flux velocity 

radial distribution constant for 
momentum flux velocity 

axial distribution constant 
mean velocity 

radial distribution constant for 
mean velocity 


axial 
for 


nozzle diameter 
momentum flux 
momentum flux at a 
mass flux 

mass flux at +/D 


radius at which | 


radius at which 


radius of potential cone 

x-component of instantaneous 
velocity at (4, r) 

x-component of mean velocity 
at (47) 

r-component of fluctuating ve- 
locity (+, r) 

x-component of instantaneous 
velocity at (.r, 0) 

x-component of instantaneous 
velocity at (0, 0) 

cylindrical coordinates 

turbulence level 

air density 
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Discussion 
Wil- 


As you have pointed 


S. J. Friedman (Du Pont Co., 
mington, Del.) : 
out, I believe Hunter Rouse presented 
the same equations that you are pre 
senting about a year ago (Trans. Am 
Soc. Civil Engrs.). How closely do the 
constants you obtained for these equa 
tions with the constants which 
Rouse proposed ? 

E. W. Comings: In general the re 
sults are comparable. I am not sure that 


agree 


we should expect them to be identical 
Hunter Rouse used a vertical jet from 
a flat surface. In this work the jet was 
from a nozzle with a streamline exterior 
surface (see Table 3). 

Anonymous: In your work have you 
been able to approximate the effect of 
a wall arranged in a cylindrical manner ? 
What effect would it have on the dis- 
tribution ? 

E. W. Comings: That effect was not 
measured in the experiments described 
here. Work is being done, however, that 
should give this information. The ap- 
paratus consists of a jet issuing parallel 
to a wall and also a jet issuing into a 
cylinder should 
which to 


These simple shapes 


provide a good basis from 


proceed. 


(Presented at Forty-second Annual 
Meeting, Pittsburgh, Pa.) 
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MOMENTUM, MASS, AND HEAT TRANSFER 
IN FREE JETS 


THOMAS BARON and L. G. ALEXANDER 


University of Illinois, Urbana, Illinois 


Transfer of flux of momentum, mass, or heat in jets from point or finite 
sources is basic to chemical engineering problems such as the design 
of combustion chambers, spray dryers, and air atomizers. Equations 
based on a generalization of Reichardt’s hypothesis are derived for the 
distributions of the fluxes in such jets. These equations are solutions of 
a differential equation which is linear in the various fluxes. Hence, the 
distributions from a number of point sources can be superimposed in 
cases where the boundary conditions can be satisfied. This method has 
been used to predict the momentum flux distribution adjacent to a 
finite nozzle with good agreement with experimental measurements. An 
explanation is given for discrepancies between data obtained by various 
authors on temperature and concentration distributions in free jets, and 
the turbulence measurements necessary for comparison with the equa- 
tions for heat and mass flux are indicated. 


and 


transter ot 
heat 


momentum, mass, 
turbulent fluid 
streams to adjacent solid boundaries is 


from 


In many cases 
sublayer, 
boundaries, 
responsible for 


familiar to all engineers 
the 


wijacent to 


existence of a laminar 
the 


considered 


has 
the 
The large 
number of semiempirical and theoretical 


solid 
heen 
mayor 


resistance to transter 


equations available tor these cases in 
volve the concept of molecular transfer 
through the laminar sublayer with suit 
for the re- 


sistances introduced by a transition layer 


able corrections to account 


and the turbulent core. 

In another class of transport problems 
and the 
entire resistance to transport of momen- 
tum, mass, and heat is in the turbulent 
fluid. For instance, in a gas burner a 
combustible gas issues nozzle 
and entrains and mixes with air. The 
position of the flame and the design of 


there are no solid boundaries, 


trom a 


the combustion chamber are determined 
by the turbulent transfer accompanied 
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Similar consider- 
ations apply to the design of combustion 
chambers using atomized or powdered 


by chemical reaction 


fuel. In general, transfer phenomena in 
free jets underlie the basic problems of 
other operations such as atomization and 
spray drying. 

The theoretical as well as the practical 
importance Of tree-jet processes is at 
tested by the numerous contributions in 
the literature such as Tollmien (38), 
Howarth (17), Tomotika (39), and 
Abramovich (7), all based on the phe 
nomenological theories of turbulent 
transfer of either Prandtl (26) or Tay 
lor (34). The result of these analyses 
concerning the distribution of mean ve 
locity, temperature, and concentration in 
free jets appears in the form of infinite 
series, and gives a reasonable qualitative 
picture of free jets. They fall short of 
quantitative agreement with recent data. 
In connection with these mixing length 
theories, it is of interest to note that 
Hinze (16), by basing his solution on 
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the use of an eddy viscosity independent 
of radial position, obtained results in as 
good agreement with the data as those 
of Tollmien or Tomotika 

rhese theoretical approaches involve 
assumptions concerning the dependence 
of either mixing length or eddy viscos 
ity on radial position. Since there ap 
pears to be little phenomenological basis 
for such altogether 
different approach is desirable. In this 
Reichardt’s work is of 
portance (28) 


assumptions, an 
connection, 
Noticing that the radial 
directed momen- 
tum flux can be correlated by an error 


distribution of axially 
curve, he investigated the assumptions 
required to obtain an error-curve as a 
the equations of 
While the phenomenological basis of his 
it is felt that a 
extension ot 


solution of motion 
work is uncertain (27), 
and his 
treatment are desirable 

In the present work, Reichardt’s hy 
Differential 
equations are derived which, in addition 


re-eXamination 


pothesis is generalized 
to yielding the desired error-curves, are 
also linear in the fluxes of momentum, 
heat, and jet fluid. The linearity of these 
equations implies that the solutions of 
more complicated problems may be ob 
tained by superimposing particular 
solutions 


Analytical Considerations. A differ 
equation for the fluxes of the 
momentum, mass, and heat may be ob- 


ential 


tained by equating the rate of accum- 
ulation of any of 
volume, 


these entities in a 
to the sum of their rates of 
generation inside the volume and their 
rates of transport through the surface, 
ao. Letting & denote the concentration 
of any of these entities 


f 
| 


(1) 


here the first term denotes the rate of 
accumulation, the second the rate of 
generation, the third the rate of trans- 
port by molecular processes, and the 
fourth the flux associated with fluid 
motion. 

Table 1 the variables to be 
substituted in Equation (1) for #, QO, and 
D ior the specific cases of momentum, 
mass, or heat transfer. 

By means of the divergence theorem, 
Equation (1) may be transformed. 


shows 


) 
vDye-ver+0=% 
ot 

(2) 


Substituting into Equation (2) the 
variables given in Table 1, one obtains 
a differential equation for the transfer 
of heat, another for the transfer of 
matter, and the three equations of 
motion. 

Focusing attention on a free jet, and 
assuming that the generation and molec- 
ular transfer terms are negligible, one 
obtains for the quasi-steady state 
(steady state with respect to the time- 
mean components ) 


=0 (3) 


where the bar indicates the operation of 
time-averaging. In cylindrical coordi- 
nates, as suggested by the axial sym- 
metry of the jet, 


4 1 dria 0 (4) 
Ox r or 


}When the flux originates wholly in the 


wzzle 
J du2nrdr (du), 


which simply states the conservation of 
the flux and is an obvious result of the 
assumption that the generation terms are 
negligible. 

Before proceeding with the general 
case, consider the transport of the axial 
component of momentum for a jet of 
uniform density. For this case, Equa- 
tion (4) becomes 


ou? 


Reichardt (28), knowing that an equa- 
tion of the type 


(7) 
correlates experimental results in a 
satisfactory manner, pointed out that 
Equation (7) is a solution of Equation 
(6), provided 


(8) 


where A is a function of the axial dis- 
tance alone. For the 
rotational symmetry 


present case of 


db 


2 ads 7) 


Substituting Equations (8) and (9) 
into Equation (6) 
ou? 
or 


(10) 


b dbo | 


Ox 2r dx or 


Equation (10), in addition to yielding a 
solution in agreement with experiment, 
is also linear in the momentum flux. 

Returning to the general case, con- 
sider the following generalization of 
Equation (7). 


ou = coe 


In order to satisfy Equation (5) 


= (12) 
(bp oA, 


and to satisfy the additional assumption 
that the flux profiles at successive sec- 
tions through the jet are similar 

fo(*) Cr (13) 


Equation (11) then becomes 


(wu),A, (< 


aC 


wu = 


By analogy with Equations 
(9), since b = fo(x) = Cr 


(8) 


2 


we 


or 


TABLE 1 
Case 
Momentum transfer 
Mass 


Heat 


transfer 


transfer 
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Substituting Equation (15) into Equa- 
tion (4) one obtains 


~ 
Ox or 


r aad 
or 
(16) 


a differential equation which is linear in 
Wu. For a point source of flux Equation 
(14) is a solution of Equation (16). In 
view of the linearity of the latter, it is 
possible to obtain solutions for combina- 
tions of point sources by superimposing 
solutions of the type ot Equation (14), 
provided the 
Equation (16) are valid and provided 


assumptions leading to 
the boundary conditions can be satisfied. 
Consider, the 
number of parallel free jets issuing from 


for instance, case of a 


sources. The distribution of the 


flux should be given by 


point 


(17) 


Table 1 may now be used in conjunc- 
tion with Equations (16) and (17) to 
obtain the various distribution functions 
for free jets. For single point sources, 
the distribution of axially directed mo 


mentum flux is 


= 
(18) 


for heat flux, where c 
@ and x 


p is independent of 


(p0u),A, 


al 


and for the flux of jet fluid 


(20) 


Comparison with Experimental Data 
To compare Equations (18)-(20) with 
experiment, data are needed from which 
the total fluxes can be obtained as a 
function of position in the jet. The 
type of data required may be seen when 
these equations are expanded in terms 


INTERPRETATION OF y¥, Q, D FOR SPECIFIC CASES 


b2 
- ous 
w= —A 
or 
F 
| 
é 5 
ball 
(14) 
(3) 
(15) 
| 1 druv 
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of the 
nents. 


mean and fluctuating compo- 


(p+ p’)(u+ wu’) (u+nu) 


(pu*), 
r 2 
A, 
(21) 
(p+ 07) (u+u’) 
(pué), 
r\? 
A, e (<5) 
awl 
(22) 
(p+ )(ut+u’) 
(23) 


Expanding the left-hand members, neg- 
lecting third-order terms, and recogniz- 
ing that all terms containing only one 
fluctuating component must vanish 


r 2 
R pus A, ( ‘ 
pote? 
(24) 
r 2 
R pau A, ( Car ) 
* 
PA Mo 
(25) 
R px A, =) 
26) 
Where 
R, =14+2£ (27) 
pu 
Ou’ pu’ Op 
Ou pu Op 
(28) 
xu" pu’ 
R, 1+ + + 
xu pu xp 
(29) 


Following Corrsin (8), p 
proximated by, 


may be ap- 


, 
6+T, 


where 


(31) 


These equations may be used to elimi- 
nate p’ from Equations (27)-(29). 
Corrsin (9%) describes methods of 


measuring 
x? Ou xu 


by means of a hot-wire anemometer. 
The mean temperature, @, can be meas- 
ured with a thermocouple, the mean 
methods of 


concentration by standard 


gas analysis. The mean density, p, can 
then be computed from the mean con- 
centration and temperature by the use 
of a suitable state. The 


mean velocity, «, may be evaluated from 


equation of 


2 
“= (32) 
where the term pu? is measured with a 

total-head impact tube. 

The necessary hot-wire anemometer 
measurements have not made in 
sufficient quantity to provide a test of 
Equations (19) and (20) 
reports data for the intensity of the ve- 
locity and temperature fluctuations in 
a nonisothermal jet; however, his values 


been 


Corrsin (8) 


of @u’ scatter widely. To our know!l- 
edge, measurements of y’u’ and x? have 
not been reported. Hinze (6) and 
Keagy (78) report data which 


the distribution of mean temperature, 8, 


from 


concentration, x, 
be computed. 


and velocity, u, may 
Integration of the prod 
ucts pOu and pyu over the radius of 
the jet gives the fraction of the total 
flux transported by the mean compo- 
nents. Results obtained from Hinze’s 
and Keagy’s data are shown in Table 2. 

Equations (26) and (29) indicate that 
similarity among concentration profiles 
obtained by using jet fluids of widely 
varying molecular should not 
be expected. This is immediately evi 
dent upon recognizing that some of the 
terms in Equation (29) 
positive or 


weights 


may be either 
negative, depending upon 
the ratio of the molecular weight of the 
jet fluid to that of the ambient fluid. 
(See (30) and (31)). Similar 
considerations apply to nonisothermal 
jets. In view of this, the variation of 
the fractions of total flux transported by 
the mean components is not unexpected, 
and it is clear that the mean component 


Eqs. 


fluxes alone cannot be correlated on the 
basis of a conservative relation. 


TABLE 2 


Jet 


Air, D = 30°C 


1.1% Town gas in air 
Carbon 
Nitrogen 


dioxide 
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The total-head impact tube provides, 
in theory, a means Of measuring di- 
rectly the momentum flux density. Nu- 
merous investigations of the distribution 
of momentum flux in free jets, in which 
mpact tubes were used, have been re- 
ported in the literature. Of the investi 
gators, three groups have used error- 
curves for the correlation of their data. 
Reichardt (29), using Equation (9%), 
found db/dx( = C,,) to be 0.072. Al- 
bertson, et al. (2), by correlating the 
distribution of the root 


mean square 


axial velocity, V «? (by means of an 
equation which may be obtained by ex- 
tracting the square root of both 
(18) and assuming the 
density to be uniform) found C,, to be 
0.081 
order variations in ( 


sides 


of Equation 


Taylor, et al. (37), found second- 
» With initial veloc- 
ity, and report an average value of 0.075 
ior the range of initial velocities from 
300 to 400 it. /sec. 

\s has been noted, Equation (18) 
applies only to point sources. However, 
the natural consequence of Reichardt's 
hypothesis is the linearization of the 
equation of continuity of flux (Eq. 
(16)); and, therefore, the sum of par- 
ticular solutions of the error-curve type 
free-turbulence 
problems for which the boundary con- 
which 
deriving 


provides a solution for 


ditions can be satisfied and for 
the assumptions 
Equation (16) hold 

Grimmett (75) has obtained data on 
the flow field formed by the confluence 
of two parallel jets which support the 
principle of superposition. These will be 
published in due course 


made in 


The authors have measured momen 
tum flux 
nozzle 


adjacent to a 
A difficulty in applying 
Equation (18) to this case arises from 


distributions 
flow 


the well-known fact that there is a non- 
turbulent conical region in the flow field 
throughout which the velocity is essen 
tially uniform. This region has its base 
on the rim of the nozzle and its apex 
on the axis of flow 
tour-nozzle diameters from the nozzle. 
Clearly, Reichardt’s hypothesis holds 
ior the trivial case where there is no 


at approximately 


velocity gradient perpendicular to the 
mean-flow, as is the case inside this non- 
turbulent cone. The principle of super- 
position may thus be applied to the cone 
as well as the turbulent zone, but it may 
break down in the region of transition 
between the two zones. The assumption 
may therefore be made that the plane 
of a finite nozzle discharge comprises 


FRACTION OF TOTAL FLUX TRANSPORTED IN A FREE JET 
BY THE MEAN 


COMPONENTS 


Fraction Observer 
Transported 
0.7 (Heat flux) Hinze 
0.8 (Mass flux) Hinze 
0.6 (Mass flux) Keagy 
0.9 (Mass flux) Keagy 


i 
| 
‘ 
| 
(30) 
M, 
M, 
| Vol. 47, No. 4 es Page 183 


an infinite number of 
sources. 


elemental point 


The summation in Equation (17) may 
be replaced by integration 


MOMENTUM FLUX RATIO Auk 


MOMENTUM FLUX RATIO GG 


RADIAL PROFILES OF 


Where (s,y) is a system of polar co- 
ordinates in the plane of the nozzle dis- 
charge. After a value of C,, has been 


r+s 2ra 
( sdsdy 


MOMENTUM FLUX 


IN A FREE, TURBULENT JET OF AIR ADJACENT 
TO THE NOZZLE 


AXIAL OISTANCE RATIO=! 


“ean 


ARIAL DISTANCE RATIO =2 


MOMENTUM FLUX RATIO 


| 


or 12 is 20 
RADIAL DISTANCE RATIO, + 


ARIAL DISTANCE RATIOZ 4 


~ EXPERIMENTAL AIR VELOCITY 
350 FPS. 


—EQUATION 34¢=0.075 
= VELOCITY AT POINT (x,r) 
Ue * VELOCITY AT NOZZLE 
=OIAMETER OF NOZZLE 


r = RADIAL DISTANCE FROM 
AXIS OF FLOW 


= 


r 
RATIO 
o 


20 
RADIAL DISTANCE RATIO, 


AMIAL DISTANCE RATIO* 6 


MOMENTUM 


1 


° 


fs 
MOMENTUM FLUK RATIO lo uct 


10 20 
RADIAL DISTANCE RATIO, + 


AKIAL DISTANCE RATIO= 


RADIAL DISTANCE 


Lo 20 
RADIAL DISTANCE RATIO. > 


AXIAL DISTANCE RATIO= 10 


MOMENTUM FLUX RATIO 


to 
RADIAL DISTANCE RATIO, 


Fig. 1. 
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assigned, Equation (33) can be evalu- 
ated most conveniently by numerical 
methods. 

Total-head impact tube measurements 
were taken in the flow field of a free 
jet in the region adjacent to a nozzle 
having an 1.D. of 2.28 cm. The ap- 
paratus and techniques used have been 
described by Taylor, et al. (37). Air 
was discharged from the nozzle at a 
velocity of 350 ft./sec. 

The results are shown in Figure 1, 
where the momentum flux ratio is 
plotted as a function of the radial dis- 
tance various axial distance 
ratios. The solid lines represent Equa- 
tions (34) with C,, equal to 0.075. 

The calculated which result 
from the recognition of the lineariza- 
tion of the equation of continuity by 
application of Reichardt’s hypothesis, 
show good agreement with the experi- 


ratio for 


curves, 


mental data. The discrepancies observed 
may possibly arise from the existence 
of the transition zone at the boundary 
of the nonturbulent cone. Thus it ap- 
pears that the assumptions made in lin- 

transfer are 
iree turbulent 
and the investigation of their ap- 
plication to problems of heat and mass 
transfer are 


earizing the equations of 


useful for this case of 


flow 


warranted, 


Conclusions 


1. Reichardt considered a point source 
free turbulent jet and proposed that the 
radial flux density of momentum is propor- 
tional to the radial gradient of the axial 
flux density of momentum. This relation- 
ship may be generalized to apply to the 
flux of mass and heat under similar condi 
tions 

2. When this relationship is incorporated 
into the differential equations for the trans 
port of momentum, mass, and heat, these 
equations become linear in the flux densi 
ties, thus simplifying their use in certain 
applications involving the turbulent trans- 
port of these quantities 

3. Reichardt’s equation leads to a solu- 
tion for point source free jets giving the 
radial distribution of axial momentum flux 
in the form of an error-curve in good 
agreement with experimental data 

4. The differential equations, due to their 
linear properties, show that the distributions 
from a number of point may be 
superimposed or added in cases where the 
boundary conditions can be satisfied. This 
method has been used to predict the axial 
momentum flux distribution adjacent to a 
finite nozzle with good agreement with 
experimental measurements. The method 
holds much promise for obtaining solutions 
involving the simultaneous transport of 
momentum, mass and heat in the turbulence 
associated with free jets and possibly else 
where 


sources 


Notation 
A = cross-sectional area of nozzle 
discharge 
spreading coefficient 
spreading coefficient for mo- 
mentum transter 
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= spreading coefficient for heat 
transfer 

spreading coefhicient for mass 
transfer 

local specific heat 


= molecular diffusivity 


= coefficient of molecular trans- 


port 

function of nozzle 
diameter and initial veloc- 
ity 


constant, 


= molecular weight of jet fluid 

molecular weight of ambient 
fluid 

static pressure 

rate of generation of trans- 
port quantity per unit 
ume 


vol- 


rate of chemical generation 
of a molecular species per 
unit volume 

rate of generation of heat per 


unit volume 


functions defined by 
(27), (28), and (29) 


ratio defined by Eq. (32) 


Eqs. 


local, instantaneous, abs. tem- 
perature 

abs. temperature of ambient 

fluid 

= local, instantaneous, 

velocity 


vector 


body forces 

function proportional to jet 
width, 6 = Cx 

diameter of nozzle discharge 

radial distance from axis of 
flow 

= radial polar coordinate 

time 

local, instantaneous, axial 
component of velocity 

local, instantaneous, radial 
component of velocity 

distance from 
axis of flow 


nozzle along 


molecular thermal diffusivity 

= angular polar coordinate 

vector operator, del 

local, instantaneous 

ature difference, 


function of x 


temper- 
a 


molecular kinematic viscosity 


= local, instantaneous density 


surface enclosing 
volume of fluid 


arbitrary 


volume 


instantaneous 
tration of jet fluid 


local, concen- 
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= local, instantaneous concen- 
tration of any entity 


SUBSCRIPTS: 


= ambient conditions 
= ith point source 
= component or coordinate in 
j-direction 


» = nozzle conditions 


SUPERSCRIPTS : 


and ’ denote time-mean and fluctuat- 
ing components of any variable, e.g., 


u+ nu’ 
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EXTRACTION OF COBALTOUS CHLORIDE WITH 
CAPRYL ALCOHOL IN A SPRAY TOWER“ 


ROBERT L. KYLANDER t and LEO GARWIN 


Oklahoma A. and M. College, Stillwater, Oklahoma 


ECAUSE of the similar properties 

of nickel and cobalt, their separa- 
tion has presented considerable difficulty 
to the metallurgy industry. At present, 
the most widely used processes involve 
the precipitation of the cobalt in the 
form of the hydrated cobaltic oxide 
(CogO3+3H,O) by the addition of an 
alkaline solution of an oxidizing agent 
to an acid solution of the divalent salts. 
Suitable oxidizing agents include bleach- 
ing powder, sodium and potassium hypo- 
chlorite and hypobromite, and solid car- 
bonates in conjunction with chlorine 
gas (2, 8, 10, 12, 14). 

Garwin and Hixson (6) have carried 
out a systematic investigation of the 
possibility of the separation of the 
chlorides of nickel and cobalt by selec- 
tive extraction with an organic solvent. 
Capryl alcohol (2-octanol) was found 
to be a satisfactory selective solvent for 
CoCl, when certain electrolytes, such as 
HCl or CaCly, were present to a con- 
siderable extent in the water phase. 
Separation factors (ratio of CoCl, to 
NiCl, in the solvent relative to that in 
the water phase at equilibrium) of 40 
to 90 were obtained when HCl was the 
added electrolyte, and 10 to 17 in the 
presence of CaCly. Values of the distri- 
bution coefficients (2) for CoCl, in 
CoCl,-HCl-water solutions, and for 
CoCl, and NiCl, in CoCl,-NiCl,-HCl- 
water solutions at 25° C., reported by 
these investigators, are shown as a func- 
tion of the total chloride concentration 
in the water phase in Figure 1. Curves 

and 3 of Figure 1 are extrapolated 

omewhat as indicated by the dotted 

ortions, in order that the results for 
some of the runs to be reported in this 
paper, made at total chloride concentra- 
tions in the water phase slightly higher 
than the range investigated by Garwin 
and Hixson, might be calculated. 


t Present address: Continental Oil Co., 
Ponca City, Okla. 

* Supplementary data of Tables 1 and 2 
are on file (Document 3184) with the 
American Documentation Institute, 1719 N 
Street, Northwest, Washington, D. C. Ob- 
tainable by remitting $1.00 for microfilm 
and $3.30 for photoprints. 
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Only one study of the rate of extrac- 
tion of an inorganic salt from aqueous 
solution by an organic solvent has thus 
far been reported. Geankoplis and 
Hixson (7) carried out the extraction 
of FeCl, from an aqueous HC! solution 
in a spray tower, using isopropyl! ether 
as the solvent and with the organic 
phase dispersed. The effect of FeCl, 
concentration and varying solvent rate 
on the (H.T.U.j)ow were investigated. 
At high ether rates the (H.T.U.)ow 
was found to be constant at about 0.7 
it., independent of the FeCl, concentra- 
tion. It was found also that, contrary 
to previously reported data, there was a 
considerable end-effect at the continuous 
phase entrance to the tower. 

The present work was undertaken in 
order that the extraction capacity co- 
efficients K,a and Kya and the over-all 
heights of a transfer unit (H.T.U.)o, 
and (H.T.U’.j)ow might be obtained for 
the two systems: CoCl,-HCl-water- 
capryl alcohol (Series I) and CoCl,- 
NiCl,-HCl-water-capryl alcohol (Series 
II) when the extraction of the CoCl, is 
carried out countercurrently in a spray 
tower, when the transfer takes place 
from the water to the alcohol phase and 
when the alcohol phase is dispersed. 
Hydrochloric acid was chosen as the 
added electrolyte instead of CaCl, be- 
cause of the higher separation factors, 
the greater equilibrium degree of ex- 
traction of the CoCl, by the solvent, 
and the greater ease of recovering the 
solutes for re-use. 

The CoCl, concentration in the water 
phase was held between 7.7 and 11.2 
wt. % in the runs of Series I. In Series 
II, the total salt concentration was ap- 
proximately 9 wt. % with a cobalt-to- 
nickel ratio about 1.3 to 1. 


Materials Used 


Capryl aleohol—Hardesty Chemical Co. 
chemical grade—contained less than 2.0 
wt. % methyl hexyl ketone as the 
major impurity 

HCl—met A.C.S. specifications for purity 

analyzed grade 

NiCl,-6H,O—Baker’s analyzed grade 

Water—laboratory distilled 

Analytical reagents—met A.C.S. 
cations for purity 


specifi- 
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Apparatus. A 1%-in. L.D. tower 6834 in. 
long, with end designs and disperser of the 
type suggested by Blanding and Elgin (1) 
and Johnson and Bliss (9), respectively, 
was constructed of Plexiglas. (See Fig. 2.) 

Preliminary work with the system capryl 
alcohol-water showed that the type of dis- 
perser used was nec essary to overcome ten- 
dencies for the alcohol to spread over a flat 
distributor plate, especially at the lower 
alcohol rates. Ten dispersing tips, each 0.1 
in. 1.D. and % in. long, arranged in a tri- 
angle with % in. between centers, produced 
drops of the dispersed phase of the most 
uniform size over the range ot flow rates 
desired. These drops, essentially spherical 
in shape, were estimated at 4g to “4g in. in 
diameter for the system used in the extrac- 
tion studies 

A diagram of the extraction equipment is 
given in Figure 3. Storage vessels for the 
aqueous feed, solvent, extract and raffinate 
were 5-gal. Pyrex bottles. Pressure for 
moving the aqueous feed and solvent was 
applied to the storage vessels by means of 
compressed nitrogen from a standard cylin- 
der. Reduction of the pressure from 
cylinder pressure to 3 to 5 Ib./sq.in. was 
accomplished by means of an ordinary 
pressure regulator. The regulator was pro- 
tected from hydrochloric acid vapor by the 
use of a section of standard 1-in. iron pipe 
filled with Ascarite and placed between the 
regulator and the lines to the feed and 
solvent bottles. 

All transfer lines were either 4 or 74¢-in. 
O.D. Saran tubing, with fittings of Saran, 
glass and rubber. 

Flow rates of the aqueous feed and solv- 
ent were indicated by the pressure drop 
across a capillary tube in the line. Inclined 
tube manometers filled with mercury were 
the pressure drop indicating devices. Con- 
trol of the rates was accomplished by ad- 
justing a screw clamp operating on a short 
length of rubber tubing 

The interface level inside the upper set- 
tling chamber was adjusted by the proper 
vertical positioning of a vented tee in the 
raffinate line. 


Procedure. Since it was desired that es- 
sentially no hydrochloric acid be trans- 
ferred as the two phases flowed counter- 
current through the tower, the original 
solutions were prepared so that the aqueous 
and alcohol solutions contained HCl concen- 
trations very nearly in equilibrium. The 
alcohol was brought to the proper HCl 
concentration by shaking with concentrated 
aqueous HCI and allowing the phases to 
separate. The acid phase was transferred 
to another container and was used to make 
up the aqueous feed. To this acid was 
added the cobalt salt, or the mixture of 
cobalt and nickel salts, and sufficient HCl 
to produce the concentrations desired. The 
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Fig. 1. Distribution of CoCl. and NiCl, between capryl alcohol and Fig. 2. Details of extraction column construction. 


water in presence of HCl Garwin and Hixson (¢). 
Concentration limits 
(wt. % in water phase) 


Curve 1 
Curves 2 and 3 


total chloride concentration of the aqueous 
feed was about 30 wt. % and the total salt 
concentration about 8 to 11 wt. %. 

In making a run, aqueous feed and solv- 
ent were charged to the feed vessels, pres- 
sure was applied above the liquids and the 
transfer lines were filled by opening the 
control valves momentarily. The alcohol 
rate was maintained at a low value, just 
great enough to prevent the denser water 
phase from displacing the alcohol in the 
disperser assembly while the tower was 
being filled with the continuous water phase 
When the tower was full, the flow rates 
of both phases were adjusted to the desired 
values; measurements were made by ob- 
serving the time for a given volume of 
exit fluid to be collected. The inclined 
tube manometers were used only as indicat- 
ing devices for aiding in maintaining con- 
stant rates of flow. 

Steady-state operation was assumed to be 
reached after about three complete changes 
of the continuous phase in the tower. Sam- 
ples of the extract and raffinate were col- 
lected and stoppered and the flows of the 
aqueous feed and solvent then stopped. The 
aqueous feed and solvent were also sampled 
for analysis. 

There was no tendency for emulsion 
formation and no difficulties were exper- 
ienced in this regard. 

It was necessary to recover both the 
cobalt chloride and capryl alcohol because 
of the limited supply of each available. This 
was done by repeated washing of the extract 
with about a 25% aqueous hydrochloric 
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acid solution. Although removal of the 
cobalt chloride was not complete with this 
operation, the salt concentration was low- 
ered to 0.5% or less, depending on the 
thoroughness of washing Subsequent 
separation of this aqueous eXtract was 
effected by simple distillation of the HC! 
and water to the point of CoCl, dryness. 


Hydrochloric acid vapor coming off first in 
this distillation was absorbed in an HCI- 
water mixture from a previous distillation 
to bring its HCl concentration up to 25% 
The solid cobalt salt recov ered from the dis- 


aqueous feed without further treatment. 

The temperature of operation was room 
temperature, 73 to 89° F. Equilibrium data 
at 25° C. (77° F.) were used in the calcu- 
: , lation of the extraction capacity coefficients 
tillation was dissolved in the raffinate from since it was found by Garwin and Hixson 
the run just completed so that the resulting that increasing the temperature from 
solution was suitable for use as the next to 50°C. produced a comparatively 
small change in the equilibrium distribution 
of cobalt chloride and nickel chloride 

In the analysis of samples, total chloride 
was determined by the Volhard method 
total salts by an evaporation procedure, 
nickel by dimethylglyoxime precipitation, 
and cobalt by difference 

Specific gravity was determined with a 
Westphal balance. The data are part of 
Tables 1 and 2. Surface and interfacial 
tension measurements were obtained on a 
few selected samples with a du Nuoy ten+ 
siometer. The data are given in Table 3 


FLOW RATE SPECIFIC TOTAL DEVIATION 


‘ATERIAL BALACS 


ou, ft./hr.-sq.ft. Alechol Alcohol 


Aleohol 


Sater In Out 
phase phase 


45,2 


Calculations. At any pomt in an extrac- 
tion column operating under steady-state 
conditions, the rate at which material is 
being transferred may be represented by 
the following equations 


dN KalCa* 
Kw(Cw 


0.91 
CaddA 


Cw*)dA 


0.909 


0.906 1.158 C dN 


O.083 1.288 adi” may be inserted for dA, and if the 
driving force for mass transfer is assumed 
to be linear with mass transfer, Equation 


(1) may be integrated to give 


Kya(ACa) (3) 


0.915 1,165 


0.911 1,157 


Solute lost by water minus solute gained by aicohol = V 
Tverage asount transferred 


1 (cont.) 


% Cl IN WATER PHASE Ke 


Out Wor.-cu. ft, -#/cu. ft, 


PLAN. RATE 


alcohol ater 


ose Phase 


42,5 


1,200 
1,201 


1,204 


a 


P/ar.-cu. ft. -#/eu. ft. 


salt/ou.ft. 
Alcohol In Alcohol Out 
Coch, 


0.002 


N 
4) im 


Kya 
N is defined as 


N S( Lala Lak a2) (5) 
lf it is assumed that the volume change 
of the phase under consideration is neglig- 
ible as solute is transferred, Equation (5) 

reduces to 
\ SLal( Cas — Caz) (6) 


The over-all (3) 


alcohol phase is, then 


based on the 


H La 
(AC 4) im 


Similar equations may be derived for the 
water phase in which the subscript WH is 
substituted for subscript ./ in Equations 
(3)-(7). 


(ATU) 


(4) 


Results 


Experimental data and calculated re- 
sults are recorded in Tables 1-3. Table 1 
summarizes the Series | runs where only 
CoCl, was the dissolved salt in the 
water phase whereas the Series II runs, 
involving the presence of NiCl, and 
CoCl,, are summarized in Table 2. 

Plots of Kya and Kya vs. the dis- 
persed alcohol phase flow rate are given 
in Figures 4 and 5. The curves of 
Figure 4 are for the continuous water 
phase rate held within the limits 21.7 to 
23.6 cu.ft./(hr.) (sq.ft.) while those of 
Figure 5 are for water phase rates from 
43.3 to 50.7 cu.ft./(hr.) (sq.ft.). Cor- 
responding sets of plots for (H.T.U.)o4 
and (H.T.U.)ow are presented in Fig- 
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‘ 
TABLE 1 
Ee 
de: 
= 4.1 0.921 0.022 1.202 1,390 
x 85.7 0.895 0,906 1.196 1,176 
89.8 9.4 0.903 0,909 1.197 1.177 1.18 6.90 4,35 
los 0,898 0.912 1.218 1,177 0,06 1,90 8.51 4,39 +4 
2 116 43.3 0.899 0,912 1,199 1.263 1.33 5.77 2.68 
3 140 45.8 0.890 0,908 1,196 1,158 0,094 1.34 6.40 5,02 
‘ 149 46.6 0,900 
(1) 
6 48.8 22.9 0.900 
j 
é ) 
? 87.6 21.7 0,695 ( 
106 21.7 0.901 
122 21.9 0,908 
or 
29.8 30.5 10 4.5 34 
xX 26.5 27.8 16 5.4 4.6 1o 
oe 8 27.6 28.5 21 4.3 6.0 8.2 
2 28,1 37 3.2 12 3.6 
‘ 28,7 28.4 % 5.0 0.9 5.2 
28.3 28.0 8.7 5.6 2.5 9.2 
30.3 28,5 20 4.4 3e1 7.0 
%.6 29.2 18 5.9 5.5 4.0 
29.9 27 4.5 9.1 2.6 
10 30,0 29.8 29 4.8 908 2.4 
i 
SPOCIFIC GRAVITY CONCENTRATIONS | 
4 In ut In Out ister In inter 
a 12 49,2 16900 0.898 1,205 1,200 5.22 .3.76 3.21 3,08 
13 80.4 %.7 (1.195 3.22 5.76 3.26 2.43 0,500 O31 0.003 0.793 : 
16 82.4 48,7 0.895 0,900 1.207 2.194 3.16 3.68 S12 2.42 0.00 0,006 0.965 
106 0.7 0.998 0.003 1.208 1.292 2.90 4.506 2.83 2.35 0.00 0.008 0.867 
us 120 47.8 0,899 04905 16208 1,190 2.90 4.06 2.82 2.08 0,00 0.002 0,910 
17 14? 49.6 2995 2900 «1,207 «1,186 3.16 3.68 2.97 1.75 0.00 0,004 0.663 
23 189 80.0 0.996 1.205 1,182 5.08 3.90 2.96 1653 0.00 0,02 0,002 0.726 
18 22,8 D891 0.097 1,207 1,192 3.22 3.78 3,09 2,42 200 0,000 0,660 
19 84.5 235.2 0.891 0.896 1.207 1,282 3.12 3.78 3.06 1.44 0.00 1008 +000 0,628 
20 iz9 23.5 0.892 1.173 50622900 0.00 0.02 0,003 0,526 
22 169 23.5 888 0,990 1,172 $.07 3.87 2,87 0.87 0.00 0.03 0,008 0.497 
Page 188 Chemical Engineering Progress 


ures 6 and 7. It is interesting to note TABLE 2 (cont.) 
that the points for both the cobalt and 
nickel-cobalt runs lie on the same curve, “ 
indicating that the rate of CoCl, trans 
fer is unaffected by its replacement by 
NiCl,, within the concentration limits 
investigated. 
With few exceptions, the CoCl, ma- 
terial balances agreed within 10% total 
deviation. 
No calculations of NiCl, transfer 
rates were made since essentially none 
of this salt was transferred. 
Runs 4 and 23 were made at rates 
sufficiently high to approach the prac 
tical operating limits of the column. 
The operation was characterized by the 
collection of alcohol drops in the con 
ical section at and below the point of er minus solute 


_ ses = 100 
attachment to the main length of the treneferre 


Surfece end Interfacial Tensions Temperature 65 to 90°F, 


Surface Tension 


Solvent, run 26.5 dynes/cm, 
Extrect, run 28.7 

tract, run 23 28.7 
Reffinate, run 22 37 


Interfecial Tension 


Solvent, run 14 } Equal volures 2.5 dynes/om, 
Aqueous feed, rm 14 eyuilibrated 


Solvent, rum l¢ Equal volures 2.8 
affinate, run l4 equilibrated 


Extract, fun 22 
Aqueous Solution, 8% Equel volumes 
257° HCl equilibrated 


i i 
128 180 
ALCOHOL PHASE RATE, CUFT /HR-~SO.FT. 


A Fig. 4. CoCl, ex- 
traction coefficients. 
extraction tower to such an extent as to Water phase rate 21.7- 
interfere with proper drop formation 23.6 Fay “ga 
from the jets issuing from the disperser. ~~ 
This resulted in nonuniformly sized Series I Series II 
alcohol drops which were often as large K ae 60 K 7 @ 
as % in. Kya + Kyo x 
Although no direct use was made of 
the surface and _ interfacial tension 
measurements, these data are included 
to provide information on an additional 
physical property of the systems used. 


CUFT (L8./CUFT) 


Conclusions 
Results obtained indicate that the & 
over-all H.7T.U. values for the extraction Water phase rate 43.3- 


of CoCl, from aqueous solutions by $0.7 cu.ft./(hr.) 
capryl alcohol in a spray tower are of (sq-ft.) 

the same order of magnitude as those Series | Series 11 ri i 
for organic solutes extracted in similar A,a 0 Kk, @ 2s 60 
equipment (4, 5, 11, 13). Kya + Kya xX 


ALCOHOL PHASE RATE, CUFT 
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A Fig. 6. CoCl ex- 
traction coefficients. 
Water phase rate 21.7- 

23.6 cu.ft./(hr.) 
(sq.ft.) 

Series I 

(A TU doa 0 

(ATU)ow + 
Series II 

@ 

(HTU)ow xX 


For the runs made, the ratio of cobalt 
to nickel in the extract was, on the 
average, of the order of 200 to 1. This 
was obtained with about a 1.3:1 ratio 
of the salts in the feed, showing that 
considerable separation of these two 
salts can be obtained in an extraction 
tower operated under steady-state con- 
ditions. The fact that this separation 
is somewhat greater than the equilibrium 
separation appears to indicate a lower 
mass-transfer rate for the nickel than 
for the cobalt. The amount of nickel 
extracted is so small as to be subject 
to considerable error, however, and di- 
rect experimental verification would be 
difficult. 

A simple preliminary design of a 
spray tower for the separation of nickel 
and cobalt by extraction with capryl 
alcohol is aided by two characteristics 
of the system observed : 


1. The cobalt extraction capacity coeffi- 
cients appear to be independent of the 
nickel-to-cobalt ratio in the aqueous 


phase. 

The (H.T.U.)o« values for the cobalt 
extraction are approximately constant, 
varying from about 4 to 6 it. 


Notation 


interfacial area per unit vol- 
ume, sq.ft./cu.ft. 
differential interfacial area, 


sq. ft. 
Ib./ 


CoCl, 
cu.ft. 

at any point 

in the column, Ib./cu. ft. 


concentration, 


= (C4*—C,) 


Fig. 7. CoCl ex- 

traction coefficients. . 

Water phase rate 43.3- 
50.7 cu.ft./(hr.) 

(sq.ft.) 

Series I 
0 
(HTU0) ow + 

i 


iL i i 


Series II 
(HTU)on ad 
(HTU)ow 


ACw = (Cw —Cyw*) at any point 
in the column, Ib. /cu.ft. 
distribution coefficient, (wt. 
% salt in the alcohol 
phase at equilibrium) / 
(wt. % salt in the water 
phase at equilibrium) 
height, ft. 
= height of a transfer unit, ft. 
= extraction coefficient based 
on the alcohol phase, Ib./ 
(hr.) (sq.ft. of interfacial 
area) (AC) 
extraction capacity coeffi- 
cient, Ib./(hr.) (cu.ft. of 
column ) (AC) 
liquid rate, (cu.ft.) /(hr.) 
( sq.ft. ) 
= CoCl, + NiCl, 
rate of CoCl, transfer, Ib./ 
hr. 
= cross-sectional area of the 
column, sq.ft. 
volume of the column, cu.ft. 


= alcohol phase 
log mean 
overall, 
phase 
= overall, 
phase 
= water phase 
} = top of column 
2 = bottom of column 


based on alcohol 


based on water 


SUPERSCRIPT 


* = equilibrium value 
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COMPRESSOR AND EXPANDER 
DESIGN 


Temperature Change for Reversible Polytropic Paths 


WAYNE C. EDMISTER 


Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


Changes in temperature with changes in pressure may be calculated for 
reversible polytropic processes involving actual gases by an exponent 
presented in this paper. This exponent is a function of generalized 
properties, heat capacity and a newly defined adiabatic factor, which is 
determined by the amount and direction of heat flow. 


The proposed method is demonstrated by computing temperature 
changes for 72 reversible polytropic paths of nine different gases and 
comparing the results with readings from tables or graphs of thermo- 
dynamic properties from the literature. Two alternate methods are 
presented for calculating the work of reversible polytropic processes. 
Both require the final temperature for the path. 


UT for one or both of two phe- 
nomena, the compression and ex- 
pansion of gases would occur at con- 
stant entropy. These two phenomena 
are: the transfer of heat to or from the 
gas; and non-reversibility. These two 
characteristics may be encountered in 
any of four possible combinations: (a) 
adiabatic and reversible, (b) adiabatic 
and nonreversible, (c) nonadiabatic and 
reversible, and (d) nonadiabatic and 
nonreversible. The first of these four is 
the isentropic path. The others will be 
polytropic if the heat flow or the non- 
reversibility occurs in such a manner 
that a pressure-volume relationship of 
Pl" = constant is maintained. Thus an 
adiabatic path may be isentropic or poly- 
tropic depending upon whether or not 
it is reversible. Likewise, a nonadiabatic 
path may be reversible. 
The departure of the actual compres- 
sion or expansion process from the isen- 
tropic path might well be expressed in 


Nore: Complete data of Table 1 are on 
file with the American Documentation In- 
stitute (Document 3113), 1719 N Street, 
N.W., Washington, D. C. Copies obtain- 
able by remitting $1.00 for microfilm or 
$1.00 for photoprints. 
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terms of two factors, a_ reversibility 
efficiency and an adiabatic factor. The 
reversibility efficiency, which is the 
ratio of the theoretical reversible work 
to actual work for compressors and the 
reciprocal of this ratio for expanders, 
must always be less than unity, as no 
actual process is completely reversible. 
Since heat may flow in either direction, 
to or from the gas, the proposed adia- 
batic factor may be greater or less than 
unity. 

The objective of this paper is to de- 
velop a calculation method for estimat- 
ing the final temperature for reversible 
and nonadiabatic (i.e., polytropic) com- 
pression and expansion of gases for 
which no Mollier charts exist. Devia- 
tions from reversibility are outside the 
scope of this article. 

For a reversible polytropic path, heat 
will flow to or from the gas, the tem- 
perature and the enthalpy will change, 
and work will be done upon or by the 
gas, all these changes occurring in a 
definite relationship to one another. 
When only reversible mechanical work 
is involved, as is the case under con- 
sideration, the heat, work and enthalpy 
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change relationship is given by the first 
law of thermodynamics 


SH = O+ fl dP (1) 
The AH term depends only on the ter- 
minal conditions while the heat and 
work terms depend upon the path fol- 
lowed. The fi’dP term includes the 
net work of receiving and delivering 
the gas as well as compressing it. 

For an adiabatic reversible process, 
where Q = 0, the work may be found 
from the value of AH but this is not 
true for nonadiabatic reversible paths, 
where it is necessary to know Q as well 
as AH in order to find the work from 
Equation (1). 

The work for reversible polytropic 
paths may be found directly by integrat- 
ing fl'dP along a path 


PV" = const. 


which gives 


fVaP = 


Equation (3) is valid for any path de- 
fined by Equation (2), regardless of the 
value of the exponent, for actual (non- 
perfect) gases as well as perfect gases. 

There is a widespread misconception 
that Equation (3) depends upon the 
perfect gas law because it is often de- 
rived for perfect gas conditions. Equa- 
tion (3) is not limited to perfect gases, 
but to the condition defined by Equation 
(2), which is a necessary and sufficient 
condition for validity of Equation (3) 
regardless of approach to perfect gas 
behavior. 
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Fig. 1. Plot of data for isenthalpic and isentropic paths of 
steam and ethane. 


With the proper values of the ex- 
ponent, n, Equation (3) may be used 
for computing the work for all rever- 
sible compression or expansion paths, 
including isentropic as well as poly- 
tropic. In all applications of Equation 
(3) made in this investigation the PI’, 
product is replaced by 
(ZRT), and the 
B.t.u. /Ib.mole. 

The following ratio is proposed as a 


its equivalent 


results obtained in 


measure of the nearness of a reversible 
path to adiabatic conditions : 


SH 

(4) 

For isentropic paths this ratio is unity 
while it is zero for isenthalpic path. 
This ratio is greater than unity for the 
addition of heat during reversible com- 
pression and for the removal of heat 
during reversible expansion. It is less 
than unity for the removal of heat dur- 
ing reversible compression and for the 
addition of heat during reversible ex- 
pansion, In other words, the ratio de- 
fined by Equation (4) is greater than 
unity when there is an increase in en- 
tropy and less than unity when there is 
a decrease in entropy during reversible 
gas compression, while the reverse is 
true for reversible expansion. 

The final temperature for a_poly- 
tropic compression or expansion path 
is required for itself and also for use 
in estimating 4H for the path. A simple 
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exponent expresses temperature change 
with pressure, as follows: 


P, 


The temperature change exponent is 
primed to distinguish it from the volume 
change exponent appearing in Equation 
(2) and (3). The values of m and n’ 
may be different for the same path for 
the same gas. 

Edmister and McGarry (4) proposed 
methods of estimating temperature and 
enthalpy for isentropic proc- 
esses of actual nonperfect gases, their 
enthalpy change procedure requiring 
terminal temperatures and _ pressures, 
the final temperature being estimated by 
an expression similar to Equation (5) 
with an exponent evaluated from gen- 
eralized and specific properties. A simi- 
lar method has been developed for poly- 
tropic temperature changes. 


changes 


Changes in T and V with P. As just 
indicated, the calculation of heat and 
work quantities for reversible poly- 
tropic paths requires relationships based 
upon the changes in temperature and 
volume with changes in pressure. These 
changes are expressed by Equations (2) 
and (5), the first applying to the entire 
path and all portions thereof and the 
latter applying to the terminal condi- 
tions only. 

These two equations are written in 
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this manner purposely to emphasize the 
fact that only terminal values of T and 
P are of interest in the relationship 
between temperature and pressure, 
whereas intermediate values of I’ and P 
are of interest in the relationship be- 
tween volume and pressure. Only ter- 
minal conditions are required in esti- 
mating the change in enthalpy for any 
the nature of the path is of 
no consequence, 

The nature of the PI” path followed 
between two sets of terminal conditions 


process ; 


in the compression and expansion of 
gases has an effect on the work quantity 
found by evaluating f 1’dP. The manner 
in which volume changes with pressure, 
in gas compression and expansion, is 
indicated in Figure 1. 
log-log plot of pressure vs. volume for 
and paths of 
steam and ethane. Data for making the 
plot were taken from thermodynamic 
properties compilations of Keenan and 
Keyes (6) for steam and of Barkelew, 
Valentine and Hurd (2) for ethane. 
Referring to Figure 1, it will be noted 
that straight lines have drawn 
through the points for both isenthalpic 
and isentropic paths. Straight lines on 
these scales are represented by Equation 
(2), for which the values of the ex- 
ponent » are tabulated in the box on 
Figure 1, the values of the temperature 
change exponent, n’, 


Figure 1 is a 


isentropic isenthalpic 


been 


are also given for 
will be noted that the 
temperature change exponent is always 


comparison. It 


larger than the volume change exponent. 
Also the isentropic exponents are ap- 
preciably larger than the corresponding 
isenthalpic exponents. 

With isenthalpic and isentropic PI’ 
data forming straight lines on those 
scales for both ethane and steam, it 
appears reasonable to postulate straight 
lines for the intermediate polytropic 
paths and also for similar paths of other 
substances. Equation (2) may be con- 
sidered applicable over limited ranges 
and not generally applicable for the en- 
tire range of pressure 
Mollier diagrams. 


covered by 
the nor- 
mal pressure ranges of compressors and 
expanders are well within the limits of 
validity of Equation (2). 


However, 


Figures 2 and 3 are replots of indi- 
cator diagrams taken from the head end 
of a reciprocating compressor. These 
two diagrams are typical of several 
made available to the writer by Thiel 
(12). The two diagrams shown are for 
the same cylinder with different clear- 
ance volumes, the clearance pockets be- 
ing closed in one case and open in the 
other. 

The compressor indicator diagrams in 
Figure 2 are replotted on log-log scales 
in Figure 3 to illustrate the paths of the 
compression and expansion strokes on 
these scales and to show that Equation 
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(2) is applicable. The values of the 
exponent m are indicated on the plots. 
It will be noted that the exponents for 
the expansion stroke are of lower mag- 
nitude than the exponents for the corre- 
sponding compression stroke. For most 
of the indicator diagrams examined by 
the writer, the exponent for the expan- 
sion stroke was smaller than the expo- 
nent for the compression stroke. It will 
also be noted, by an examination of Fig- 
ure 3, that the exponents are smaller on 
the diagram for the cylinder with the 
clearance pocket open. Although the 
value of the exponents for these paths 
are different the straightness of the line 
indicates that the value of m is constant 
for each path. Data represented on 
Figures 2 and 3 plus similar indicator 
card data justify the use of Equation 
(2) for polytropic compression and ex- 
pansion paths. 

The value of » in Equation (2) can 
be found for any polytropic path from 
terminal values of the pressure and spe- 
cific volume, the latter being found 
from the terminal values of pressure 
and temperature. Thus, the volume 
change exponent is dependent upon the 
temperature change exponent. 


Exponent Equations. For engineering 
design purposes, it is important that a 
rapid method of evaluating the expo- 
nents be available and that this method 
be generally applicable to all gases and 
gaseous mixtures, including those for 
which no thermodynamic compilations 
are available as well as those for which 
such properties have been published. 

An equation for the isentropic tem- 
perature change of an actual gas is ob- 
tained by applying the restriction 
dS = 0 to the following entropy equa- 


tion: 
oV’ 
S= T - iP 
dS d ( dl 


and combining with the expression for 
the derivative in terms of compressi- 
bility factor, which is 


oV R 
Z+7 
Gr), 


The resulting equation ts 


dT dP 
z+ 7 (22) 
(6) 


This equation was recently (4) inte- 
grated and a generalized expression for 
the exponent in Equation (5) obtained 
by assuming average values of the co- 
efficients of and dP/P. This 
average exponent to be a 


was shown 
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Fig. 2. Indicator dia- 
ms for head end of 
ooper - Bessemer 
compressor cylinder— 
Thiel (10) 


Fig. 3. Replot of com- 
pressor indicator dia- 
grams shown in Fig. 2. 
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reliable and accurate engineering tool 
for adiabatic and reversible paths. 

In a similar manner, an analogous 
equation may be derived for the isen- 
thalpic path. The fundamental equation 


for the enthalpy is 
|ep 
OT 
For constant enthalpy dH = 0. Making 
restriction and replacing /” and 


this 
OT)p with their equivalents in 


dH = 


terms of the compressibility factor, Z. 


dP 7 
4) 
pP 


The similarity of Equations (6) and 
(7) suggests writing a single equation 
that applies to isentropic, isenthalpic, 
and all polytropic paths in between by 
using a factor defining the 
nature of the path. 


adiabatic 
This equation is 


IZ dP 
RZe,+RT(< 


(8) 


a7 


where ¢, is the factor defining the adia- 
batic nature of the path. The symbol 
defined earlier by Equation (4) is used 


TABLE PartiaL TABULATION oF GENERALIZED 


in Equation (8). There is no mathe- 
matical proof that these are identical. It 
is obvious by inspection, however, that 
the values of ¢, in both equations will 
be unity for isentropic paths and zero 
for isenthalpic paths. It will be shown 
later, by numerical calculations, that e¢, 
in Equation (8) is the as @, in 
Equation (4) for polytropic paths as 
well. 

A rigorous integration of Equation 
(8) would be hopelessly complex be- 
cause the coefficients of dT /T and dP /P 
are both functions of temperature and 
pressure. Even if such an integration 
could. be accomplished, the result would 
probably not be in the form of Equation 
(5) but would be in a less practical 
form. Therefore Equation (8) is solved 
by using average values of the coeffi- 
cients of both terms for the path, in 
the same manner Equation (6) 


same 


Was 


(4). 


solved by Edmister and McGarry 
This solution gives: 


| +er(-*),,| 
Cr 


in generalized terms the 
Equation (5) becomes 


(9) 


exponent of 


Taste 2 - Terminar 
For PaTns 


RZe, + RT ( 
f, 
Cp° + 
(10) 

The exponent in Equation (9) and 
(10) is a point function of temperature 
pressure and the rate of heat removal 
or addition. The exponent is theoretic- 
ally rigorous only for a path of infin- 
itesimal length. It has been demon- 
strated (4) that using an average ex- 
ponent is entirely satisfactory for isen- 
tropic paths. This average exponent 
technique has been extended to poly- 
tropic paths. 

A more convenient expression than 
Equation (4) is desired for the adia- 
batic factor, ¢,. Combining Equation 
(1) and (4) to eliminate AH gives 


) 
10+-— 


(11) 


For the purpose of evaluating the adia- 
batic factor, @,, it was found, by numer- 
ical calculations, that the f ’dP term in 
Equation (11) could be replaced by a 
modified isothermal work expression, 
giving 


= 10 Q 


(12) 
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where 


(ZRT ) = average of terminal 
values of ZRT for 
adiabatic and rever- 
sible path (i.e., isen- 
tropic) having same 
initial conditions and 
final pressure as poly- 
tropic path in ques- 
tion 

The justification of Equation (12) 

finding values of ¢, 

(9) is by 

follow later. 

In addition to the ideal gas state heat 
capacity, C,o, and the adiabatic factor, 
€,, Values of three thermodynamic func- 
tions are required in the solution of 

Equation (10) for the exponent n’. 


for 
to use in Equation 
numerical calculations that 


These functions are: RZ, 
and AC,. Also values of (—AH/T,) 
are required for the estimation of en- 
thalpy differences. These five proper- 
ties are generalized functions of reduced 
temperature and pressure. Edmister and 
McGarry (4) evaluated the derivative 
of Z with respect to 7, and tabulated 


R| Z+ ) 
oT, 
and (—AH/T,) 

In revising the previous (4) tabula- 
tion to include the functions required 
for polytropic calculations, it was 
deemed desirable to extend the temper- 
ature and pressure ranges. The result- 
ing compilation is presented in Table 1. 
The sum of the first two of these terms, 


the 
rz 
q Gta i 


function is also plotted against reduced 
pressure for lines of constant reduced 
temperature on log-log scales in Figure 
4. This combination was plotted in this 
way to supplement the previous plot. 
The ranges of TJ, and P, covered by 
Table 1 and Figure 4 are the recom- 
mended limits of the proposed method. 


ac, 


Application of Proposed Method 


The procedure followed in applying 
the proposed method to reversible poly- 
tropic expansion) is 
outlined below and illustrated by sample 
calculations in Table 3 


compression (or 


Given: Initial and final pressures, the 
amount of heat added (or rejected) 
during the process and the initial tem- 
perature of the gas, for which critical 
temperature and pressure and the ideal 
gas state vapor heat capacities are 
known. 
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TABLE 3 - SAMPLE CALCULATIONS 


C2He Expansion CH, ComPRe ss ion 
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Find: Changes in temperature and 
enthalpy and the work for the resulting 
reversible polytropic path. 

Polytropic Temperature Change 

Preliminary Calculation Steps 
procedure outlined by Edmister 
McGarry (4), find the final tempera- 


ture of the isentropic path between the 
given initial 


By the 
and 


conditions and the final 


pressure. These calculations are a spe 
cial case of the polytropic ones to be 
described here; a 
= 1.0. As 
(4), two 


because 


special case where 
pointed out 
trials are usually 
average values of the terms in 
the exponent of Equation (9) must be 
used so this estimating the 
final temperature so the values of Cp°, 


previously 
necessary 


requires 
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aCp. ZR and RT, ( ), 


may be evaluated and then checking 


this estimate. 


Step 1. Knowing the final temperature of 
the corresponding isentropic path, the 
(ZRT ) oa In term may be com- 


puted and ¢,. evaluated by Equation (12) 


Step 2. Using the values of Cp*, ACp, RZ 
and K7,(07/dT,) p, from the prelimin- 
ary isentropic calculations and the value 
of ¢. from, Step 1, find a “first-trial” 
value of (n' — 1)/n’ from Equation (10). 

Step 3. Using the exponent found in Step 
2, estimate 7, by Equation (5). 


Step 4. Using the estimated value of 7, 
from Step 2, find the final values of the 
terms Cp*, ACp, KZ and RT,(0Z; 
OT.) P-and compute the average of the 
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terminal values of these terms for the 6. This is not usually necessary how- Step 4. Find AH for process from follow 
path in question. ever. ing equation : 
Step 5. Recompute the exponent (n’ — 1) ( ) 
n’ by Equation (10), using ¢. from Step Pelytropic Enthalpy Change rT 
1 and the average of the terminal values Step 1. Find AT for the path from above (13) 
of the other terms. temperature change calculations i 
Step 6. Using the new exponent from Step This is the same method used by Edmister 
5, compute final temperature of reversible and McGarry (4) for isentropic compres- 
polytropic path in question by Equation sion. The method is equally applicable to 
(5). If this temperature differs greatly Step 3. Find —AH/T. from Table 1 for Polytropic paths. 
from the value of 7, found in Step 3 it terminal conditions, using reduced tem- 
may be necessary to repeat Steps 4, 5 and peratures and pressures. Polytropic Work Method No. 1 


Step 2. Find the mean value of Cp* for the 
path by averaging terminal values. 


Knowing the values of Q and AH it is a 
simple matter to compute the reversible 


COMPRESSION PATHS FOR ETHANE polytropic work by Equation (1). 
T \ T Polytropic Work Method No. 2 


- 
FINAL CONDITIONS \ 


Step 1. Knowing the initial and final con- 
ditions, assume Equation (2) applies to 
the path and evaluate the volume-change 
with-pressure exponent n. 


Step 2. Using this n value, solve Equation 
(3) for the reversible polytropic work 


T+ 420 


\ 


Demonstration Calculations 


Having justified the representation of 
aH vdP 
< zx) a Soar | polytropic paths between isenthalpic and 


isentropic by the relationship PI" = 
constant and having derived the equa- 
| -1990 | tion for the exponent n’ and developed 
the compilations of generalized thermo- 
dynamic properties required in estimat- 
ing the exponent, it is next of interest 
+2939 | 4553 to look at these various paths on pres- 
sure-enthalpy-type Mollier diagrams 
80 39 as 7 and to check the proposed exponent 
ENTHALPY, 81.U/iB method with available information. 

Fig. 5. Section of ethane pressure-enthalpy diagram illustrating selection of five Figure 5 is a section of P—H dia- 

compression paths for development and demonstration calculations. gram for ethane with five compression 
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paths indicated thereon. Figure 6 is a 
similar graph showing five similar ex- 
pansion paths. These paths are given 
the letters: 4, B, C D and E for easy 
identification in the tabulations report- 
ing the results of computations. It will 
be noted that the isentropic paths are 
the same in both compression and ex- 
pansion With the isenthalpic 
path as the lower limit and the isen- 
tropic path, from the same initial point, 
as a guide or reference line, three poly- 


pk its. 


tropic paths were selected so that two 
were between the isenthalpic and isen- 
tropic paths and one beyond the isen- 
tropic path. Readings of temperature, 
volume and enthalpy were taken at the 
terminal points of these paths for use in 
making demonstration calculations. 

For each path shown on Figures 5 
and 6, values of AH, QO and f V'dP have 
been computed and are tabulated in the 
corner of the diagrams. It is of interest 
to note the variations in the values of 
AH and Q for the five paths and the 
near constancy of the fVdP values. 
From this it can be seen that serious 
errors would result from taking AH as 
the work for a polytropic path far re- 
moved from the path. It 
should be clear from the information 
on Figures 5 and 6 that Mollier charts 
alone are not adequate for calculating 


isentropic 


the polytropic work. 

Terminal conditions were chosen in 
the manner represented by Figures 5 
and 6 for paths C, D, and E of nine 
different substances, for which suitable 
compilations of thermodynamic proper- 
ties were available in the literature. For 
each substance, two groups of compres- 
sion paths and two groups of expansion 
paths were selected. Data obtained in 
this manner are tabulated in Table 2. 
This numerical work limited to 
Paths C, D, and E because these are of 
the most practical interest. Rarely, in 
a reversible process, does the path fall 


was 


outside this range. 

Calculations, such as those shown in 
Table 3 for expansion and CH;Cl 
compression, were made for all the data 
given in Table 2. It will be noted that 
values of f dP and Q were found by 
applying Equations (1) and (3) to the 
data read from the thermodynamic pro- 
perties compilations and then adjusted to 
agreement with Path D, the isentropic 
path, for which Q = 0 and fVdP 
AH, necessary conditions. These ad- 
justments were always small, indicating 
the validity of Equations (2) and (3) 
for the isentropic paths. The necessity 
of these adjustments is due to imperfec- 
tions in the calculations and/or H — S$ 
compilations. 
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diagram illustrating 
selection of five ex- 
pansion paths for de- 
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stration calculations. 
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Tasre 5 — AGREEMENT OF CALCULATED VALUES FoR REVERSIBLE 
PoLYTROPIC ComMPRESSION AND EXPANSION BY PROPOSED 
METHOD wiTH Vales From H-S TABLESAND DiaGRAmMs 


ADIABATic 
FAc 


TOR CHANG E 


TEMPERATURE 


ENTHALPY 
CHAN 6E 


Total Momber of hoths 

Average Deviation , * 
Positive Deviations 

Aver. Positwe Deviation, 
Negative Levatons 

Average Negative Deviatiie Yo 


In these calculations two values of ¢, 

were found, the one by Equation (4) 
being called the “observed” adiabatic 
factor while the one by Equation (12) 
is called the “calculated” adiabatic fac- 
tor. The latter value of e, was used in 
computing the exponents (via Equation 
(10) for calculating the final tempera- 
tures. 
Observed and calculated values of e, 
and AT are compared by finding the per- 
centage deviations of the calculated 
from the observed values. 

Results of these temperature change 
calculations are summarized in Table 4, 
where values of e, are given for Paths 
€ and E (e, = 1.0 for Path D), and 
both observed and calculated values of 
AT are given for all paths. 
centage deviations of 


The per- 
calculated from 
observed AT values are also shown. 

In Table 5 the agreement of the pro- 
yosed temperature 


change calculation 
method is shown by average deviations 
or each of the three paths. It will be 
oted that the agreement is better for 
‘ath D than for either C or E. This 
that the arithmetic average 
xponent is better for Path D than for 

and E. 

rhe agreement of the enthalpy change 
nethod, given by Equation (13), for 
hese same paths is also summarized in 
Table 5. It noted that this 
method is as good for Paths C and E 
as it is for D. 

In addition to the 
of calculated values of adiabatic factor 
from Equation (12) with the observed 
adiabatic factor from Equation (4) is 


- 


also given in Table 5. 


indicates 


will be 


these, agreement 


Comment and Conclusion 


The proposed method of calculating 
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the temperature change and the work 
for 
and expansion is based on the use of an 
exponent that is a function of three 
generalized thermodynamic functions, 
the ideal gas state vapor heat capacity 
and a newly defined adiabatic factor. 
This adiabatic factor is shown to be a 
simple function of Q, the heat added 
during the process to make the path 
nonadiabatic. 

For reversible and nonadiabatic ma- 
chines, the polytropic path may be 
established by one of the following: (a) 
quantity of heat flowing, (b) final tem- 
perature, (c) the amount of work done, 
or (d) the adiabatic factor. 

li the process is also nonreversible, 
one additional condition must be speci- 
fied in order to define the path. The 
most effective and convenient way of 
specifying deviations from reversibility 
is by means of a reversibility efficiency, 
which would be the ratio of actual work 
done to the value of f/'dP for com- 
pressors and the reciprocal of the ratio 
for expanders. 

The exponent method of making com- 
pression and expansion calculations has 
the advantages of convenience and simi- 


reversible polytropic compression 


larity with well-established but inaccu- 
rate calculation methods to recommend 
it for process engineering design pur- 
the fundamental entropy- 
balance, energy-balance alternates. Most 
design engineers are of such a nature 
that they will continue using the ex- 
ponent technique, even if they must 
guess the value of the exponent, rather 
than adopt a more tedious procedure of 


poses over 


questionable increased precision. 
Although the proposed method has 
been demonstrated only for pure com- 
pounds in this investigation, the method 
is suggested for mixtures, the techniques 
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of application being the pseudocritical 
concept. For mixtures, as for pure 
compounds, the proposed method may 
be used as a estimating 
procedure before making the more pre- 
cise and tedious entropy-balance, en- 
ergy-balance computations. 
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THE UNIFORMITY. OF FLUIDIZATION— 
ITS MEASUREMENT AND USE 


R. D. MORSE and C. O. BALLOU 


Du Pont Company, Wilmington, Delaware 


NIFORMITY of fluidization in 

boiling beds is a subject whose im- 
portance, as judged from the literature, 
has only recently been realized by many 
investigators of fluidized-solid processes. 
Research on the cause of differences in 
the results secured at various scales 
some time ago directed the authors’ 
attention to nonuniformity of fluidiza- 
tion as an important cause. 


Uniformity of Boiling Beds. The 
term, “uniformity of fluidization,” de- 
scribes the dispersion of particles and 
fluid in fluidized-solid suspensions (boil- 
ing beds) and replaces the previous term 
quality of fluidization (8). Liquid-fluid- 
ized beds of small particles approach 
perfect uniformity, for the particles ap- 
pear to be distributed individually and 
rather uniformly through the liquid, 
which rises with nearly equal velocity 
at all points in the cross section. If the 
bed were perfectly uniform, the par- 
ticles would be spaced equidistant from 
one another, and the fluid would have 
a flat velocity front. 

The degree of uniformity depends 
upon the characteristics of the particles 
and the fluid, and also upon the design 
of the containing vessel. Gas-fluidized 
beds are commonly nonuniform, for 
segregation of particles from fluid 
quickly causes the gas to rise mainly in 
channels or pockets (bubbles), and the 
particles to circulate as flocs or aggre- 
gates. It has been shown (8) that the 
segregation tendency is a rate process 
and is balanced against a 
process. For certain small particles, 
nonuniformity takes the form of floccu- 
lation of the particles into porous, tran- 


remixing 


sient clumps averaging several times the 
diameter of the particles. This floccu- 
lation is caused, it is believed, by inter 
particle attractive forces, and is there- 
fore most noticeable the smallest 
particles. The clumps are well distri- 
buted throughout the bed. The com- 
paratively smooth boiling of the bed 
would suggest that the range of gas 
velocities is not wide. 

As particle size increases, the floccu- 
lation tendency decreases but is grad- 
ually replaced by another effect, aggre- 
gation of the particles by Bernouilli 
forces (/). The aggregation leaves 


ior 
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channels and bubbles in which the gas 
flows in a highly irregular and non- 
uniform manner. The aggregates are 
temporary, commonly being largest 
when they are descending in the regions 
of low gas velocity, and smallest when 
being conveyed on jets or in channels 
through the bed. (However, in the 
slugging bed, the large (column-size) 
clumps are lifted by the gas, then break 
and fall through the gas pocket as small 
clumps. ) 

Summarizing this description of boil- 
ing beds, uniformity of fluidization is 
characterized by well-distributed par- 
ticles forming fluid passages of uniform 
resistance, making fluid velocity also 
uniform across the cross section. Non- 
uniformity of fluidization is character- 
ized by flocs or aggregates of particles 
boiling or being conveyed by fluid that 
flows primarily in the pockets or chan- 
nels between clumps, so that fluid ve- 
locities vary widely from point to point 
and from moment to moment. 


Uniformity of Fluidisation and Re- 
actor Performance. Gaseous processes 
utilizing fluidized beds commonly 
combine depending 
upon conditions. One such combination 
is that of the desired reaction taking 
preferentially in some specific 
temperature range, while, in a slightly 
different temperature range, the relative 
rate of an undesirable reaction may be- 
excessive. Another combination 
is that of a desirable taking 
place on the catalytic surface simultan 


can 


several reactions, 


place 


come 
reaction 


eously with an undesirable thermal re 
action in the gas phase. 

In the first control of 
temperature is order to 
secure the optimum balance of preferred 
The fluidized- 
solid technique has gone a long way to 


case, 


necessary m 


precise 


over undesired reaction. 


ward securing this control in economical 
reactors, and where the optimum point 
is not too sensitive, such as in catalytic 
cracking, the control is adequate. How 
ever, for extremely sensitive processes, 
the fluidized-solid technique in its crude 
form has not in all 
adequate control. 


mstances given 
It has been suggested 
that in some of these cases the temper- 
ature variations between gas in the 


pockets and gas in the aggregates, al- 
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though not measurable by the ordinary 
slow-response thermocouples, may have 
been sufficient to cause reduction of 
yield. 

In the second case, the catalytic sur- 


face on those particles caught within 
the aggregates is temporarily unavail- 
able to the gas which by-passes through 
pockets or channels, As a result, time 
of residence that might have been used 
for carrying out the desired catalytic 
instead for the un- 
reaction, thereby de- 


reaction is used 
thermal 
creasing over-all yield. 

The indicates that 
maximum uniformity of fluidization ts 
mportant m securing maximum yield 
However, there is an 
important opposing factor to be consid- 
ered; namely, heat-distribution rates 
The basic advantage of the fluidized bed 
is the high rate of heat distribution 
from zone to zone, permitting localized 
hot spots to be rapidly dissipated. The 
high heat-distribution rate is due to the 
rapid circulation of the particles, and 
altering the system to secure near-per- 
fect uniformity of fluidization would 
eliminate the cause of the particle cir- 
A compromise must therefore 
be made between maximum uniformity 
of fluidization maximum rate of 


desired 


above analysis 


from a reactor. 


culation 


and 
heat distribution. 
This compromise will be different for 
for it must reflect the 
thermogenic character of the main and 


each system, 
their relative rates, their 
coefficients, 
factors such as the value of yield loss 


side reactions, 


temperature and economic 


Many references have been made in the 
literature to the importance of smoother 


fluidiization—few have indicated need 
ior higher mixing rates 

McCune and Wilhelm (6) in connec- 
tion with fluidization of beta naphthol 


beads in water, observed that: 


In highly expanded fluidized beds the 
particles congregated nearer the tube walls 
than the center Nonuniformities may 
be generated by tube walls or by other 
particles of a fluidized bed Nonuni- 
formity as such is probably not the only 
consideration in explaining the mass trans- 
fer characteristics of a fluidized bed. It is 
likely that the scale’ and intensity of the 
liquid turbulence in the bed also will affect 
mass transter rates and free settling ve- 
locity 
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Goring (3), in interpreting his data 
on the reduction of carbon dioxide in 
high temperature fluidized beds of coke, 
observed that his bed was “character- 
ized by bubbles of gas (dilute phase) 
rising through the solid (dense phase) 

Data of Mason (3) indicate that the 
mixing between dense phase gas and 
dilute phase gas is insufficient to elimi- 
nate (transverse) partial pressure grad- 
ients at any given bed height.” 

Goring continued : 

The extreme case is described by no 
radial gas mixing and no gas flow through 
the dense phase, all the gas flowing upward 
in dilute phase. The only reacting solid 
would then be at the dense phase-dilute 
phase boundary, the dense-phase solid being 
rendered inert by surrounding gas at chem- 
ical equilibrium. In the actual case, both 
finite dense-phase gas flow and finite radial 
mixing occur, but the tendency is to concen- 
trate CO in the dense phase resulting in 
two fluidization effects : 

(a) Effectively only a fraction (Goring’s 
data show !4-%) of the total carbon present 
is in contact with oxidizing gas . . . 

(b) Radial partial pressure gradients are 
set up which tend to vitiate the ‘piston 
flow’ form of the rate equation. 

These effects highlight the present short- 
comings of the fluidized bed technique as a 
laboratory tool for elucidation of reaction 
mechanism. Also, since the magnitude of 
the fluidization effects is probably a func- 
tion of scale, the value of pilot data from 
a fluidized bed has definite limitations. 


It should be apparent that the study 
of uniformity of fluidization is impor- 
tant. A fuller understanding will con- 
tribute greatly to rational design of 
fluidized-solid reactors and will, conse- 
quently, contribute to higher operating 
performance and lower costs. 


Measurement of Uniformity of Fluid- 
ication. Observations in transparent or 
open-top vessels permit only an estimate 
of the superficial uniformity of fluidiza- 
tion. More thorough research requires 
semiquantitative investigation of the 
interior of the bed. Any device for such 
measurements must not affect the fluid- 
ization significantly and must be com- 
pact, versatile, convenient, rapid, and 
labor-saving. Its versatility must per- 
mit it to be used with a variety of ma- 
terials, in a variety of vessels, and over 
a range of physical conditions. 

Uniformity must be measured over a 

one of appropriate size. If the zone is 
large compared to the scale of the 
clumps and bubbles, their effect will be 
averaged out; on the other hand, if the 
zone size is similar to the particle size, 
even a perfectly uniform bed would ap- 
pear nonuniform. Inspection suggests 
that a cubical zone with %-in. sides is 
appropriate for the common fluidized 
solids. Since the clumps and bubbles are 
moving and transient, the device must 
be able to respond instantaneously and 
continuously, and must produce some 
record of the result. The desirable in- 
strument must therefore measure the 


mass of particles in a small zone of the 
bed instantly and continuously. 

After consideration of several ways, 
use of the electrical capacity of a small 
electric condenser containing the mater- 
ial between its two plates was chosen. 
Implementing this method required the 
design and development of the special 
electronic unit described in the next 
section. 

For a given arrangement of elec- 
trodes, the capacity of such a condenser 
is proportional to the mass and dielec- 
tric constant of the material between its 
plates. For the materials of common 
interest, the dielectric constant of the 
solid is considerably greater than that of 
the gas, and, consequently, replacement 
of any part of the gas by solid causes 
an increase in the capacity of the con- 
denser. In fluidized beds there are two 
extremes of particle concentration, one 
being the settled bed, and the other the 
gas pocket. Any other situation falls 
between these extremes. 

When the space between the plates is 
only partially full of material, the ca- 
pacity probably depends upon the way 
the particles are arranged. This effect 
has been arbitrarily assumed negligible 
in this investigation. 

Another factor to be considered is the 
effect of the probe on the bed conditions. 
It is obvious that any foreign object in 
the bed will tend to alter the fluidization 
uniformity—baffles are commonly intro- 
duced into beds specifically to break up 
clumps and thereby improve uniformity. 
Therefore, the probe must interfere as 
little as possible. Ih the work detailed 
below the probe consisted of small, thin 
plates, roughly %-in. square, separated 
14-3 in., with vertical plane, and sup- 
ported at the end of a %-in. diameter 
tube. It is believed that little interfer- 
ence is caused by this type of probe on 
the materia! passing into and through 
the plates, although it may well be that 
distribution of the material downstream 
is affected by the probe. 

A form of probe that has not yet 
been used experimentally consists of a 
single rod, perhaps %4-in. long by \ g-in. 
diameter, projecting from the end of the 
shielding tube—such a probe would be 
influenced strongly by the mass of ma- 
terial near it and exponentially less by 
the material farther away. Its simple 
form would presumably cause even less 
interference than the two small plates. 


Device for Measuring Capacity 
Changes. Capacitive methods of meas- 
urement have been useful in measuring 
phenomena presenting difficulties by 
other known means (5, 7), but in the 
past the equipment was inflexible and 
expensive. However, with the develop- 
ment of frequency-modulation broad- 
casting, a measuring device sensitive to 
small capacitance changes can be quickly 


Chemical Engineering Progress 


and cheaply constructed. Such a device 
was constructed in the Du Pont labora- 
tory for measuring the properties of a 
fluidized bed. The device has been 
termed a “capacitometer.” Its flexibility 
has been demonstrated by the simple 
expedient of changing electrodes (4). 

An outstanding feature of the capa- 
citometer is its ability to respond to 
rapid fluctuations in the measured quan- 
tity. Coupled to the proper type of in- 
strument the indications or records are 
independent of the measurement fre- 
quency from zero to above 10,000 cycles / 
Thus calibrations made in static 
beds may be applied without error to 
fluidized beds. 


sec. 


The capacitometer and its auxiliaries are 
shown in Figure 1 and the schematic dia 
gram and parts list in Figure 2. The ca- 
pacitometer consists of three main portions 
(a) a vacuum tube oscillator whose fre- 
quency is determined by the inductance and 
capacitance, (b) a frequency-discriminator 
that translates the changes in oscillator 
frequency into corresponding changes of a 
d.c. voltage, and (c) a calibration reference 
unit for checking the tuning and drift of 
the capacitometer proper. 

The oscillator’s frequency is expressed by 
the relationship 1 


LC 

where f is the frequency in cycles/sec., L 
is the inductance in henries, and C is the 
capacity in farads. This capacity includes 
that of the probe, that of the tuning con 
denser, and various distributed capacities. 
The response of the discriminator to these 
changes in frequency follows the relation- 
ship shown qualitatively in Figure 3. Note 
that the output voltage passes through first 
a positive and then a negative peak. The 
part of the curve between the two peaks, 
near the zero crossing, is almost linear with 
respect to frequency. If the frequency 
excursions from the zero crossing are lim- 
ited to about 100 kc., the response is linear 
within one or two per cent. 

Inspection of the frequency-capacity re- 
lationship shows that the frequency varies 
inversely with the square root of capacity, 
which is not the desirable linear relation- 
ship. However, if the ratio of the capacity 
changes to the total capacity can be kept 
sufficiently small, the departure from lin- 
earity may be made negligible. A small 
ratio is achieved by having a large “pad- 
ding” capacity in the oscillator circuit (100- 
500 times the capacity change) and using 
a correspondingly small inductance. 

In the above manner, the capacity 
change occurring at the probe results in 
an essentially linear change in output 
voltage. The sensitivity of the unit 
described is approximately 1.5 v./ppf 
for capacity changes of 1-5ypf, but can 
be varied by changing the L/C ratio of 
the oscillator. 

A unit of such great sensitivity is 
liable also to the effects of other var- 
iables, such as temperature, relative 
humidity, and power supply voltage. 
The “drift” that results from these must 
be compensated for before any success- 
ful application is possible. This drift 
has been largely overcome in the fol- 
lowing manner: 
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Thermal effects are largely overcome 
‘the use of negative-temperature-coefh- 
cient capacitors. Thorough prewarming by 
application of the power several hours ahead 
of use also helps. 

2. Moisture-absorption is minimized by 
winding the coils on polystyrene rods, and 
using high-quality, nonhygroscopic insula- 
tion. 

3. Power-supply variations are overcome 
with the aid of voltage regulators, such as 
the Sorenson. 

4. Variable power losses resulting from 
the material being studied are compensated 
tor by the calibration procedure outlined 
later 


Details of the Capacitometer. A review 
of the requirements for making measure- 
ments in a fluidized column indicated a 
compact and lightweight unit because of the 
necessity of inserting the measuring probe 
in the experimental column in numerous 
positions. To this end all bulky or heavy 
refinements were discarded. As shown in 
Figure 2, the entire unit, including a power 
supply and calibrating system, is built into 
two connected 3 4 5-in.  sheet-steel 
boxes. An eclectron-coupled Hartley oscil- 
lator serves the triple purpose of oscillator, 
amplifer, and load decoupler. To conserve 
space germanium-crystal rectifiers are em- 
ployed in preference to a vacuum-tube rec- 
tifier in the discriminator circuit. The re- 
quired flexibility for altering the L./C ratio 
is obtained by winding several inductors of 
different values on 34-in. polystyrene rods. 
Plug-in pins inserted in miniature jacks in 
the cabinet permit rapid change of induc- 
tors. 

The tuning condenser verniers are made 
from 35-uuf Isolantite insulated midget con- 
densers by removing all but one rotor and 
one stator plate. Even with this reduced 
range, the adjustment of these condensers 
is somewhat critical. 

The unit stripped of all but the most 
essential parts has sufficient stability for 
measurements up to a few hours in dura- 
tion. When measurements extending over 
long periods of time were made the probe 
had to be removed from the bed for drift 
checking purposes. To obviate this diffi- 
culty a calibrating system was constructed 
in the lower box and secured to the original 
unit, which had consisted of only one box. 

After its construction, the capacitometer 
requires discriminator adjustment similar 
to the detector alignment of an FM radio 
receiver. A calibrated grid dip meter or 
frequency meter is used to aid in adjusting 
the capacitometer oscillator to the designed 
frequency of 4.3 mc. by means of con- 
denser Cs. The discriminator primary is 
to obtain a 


then tuned with condenser C; 


maximum output voltage. 
criminator 
denser Cy 
nearly to zero. 


Fig. 1. Capacitometer and auxiliaries. 


Next the dis- 
secondary is tuned with con- 
reduce the output voltage 


is repeated several times to refine the align 


ment. 


Finally 


the 


is adjusted for zero output voltage. 


Faulty alignment or failure to use the 


discriminator transformer design fre 


quency will result in a frequency-voltage 
output characteristic having little resem- 
blance to the idealized curve of Figure 
3. The unit described has been aligned 


only twice in more than two years. 


Ausiliaries. 
sists of a vacuum-tube voltmeter for tuning 
and calibrating the 
observing without 
fluidization condition, 
graph for securing the running record. 
oscilloscope is convenient but not essential 

The oscilloscope required for this work 
must respond not only to the usual higher 
frequencies but also to the low frequencies 
and to direct current, 
calibration and observation of drift 


loscope, 
the 


for 


Waterman 


contains a 


Pocketscope, 
amplifier and meets these 


Metering equipment 
capacitometer, 


and an 


tor 


Model S-11-. 


Fig. 2. Schematic diagram. 
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The adjustment procedure 


discriminator secondary 


con- 


an oscil- 
recording 
oscillo- 


The 


convenience in 
The 


It is probable 
250 


requirements inexpensively. 


Models 


that the new Dumont A and 
-4H would also be satisfactory 
Of the various types of oscillographs, 


the combination of the Brush BL-913 dc. 
amplifier and the model BL-202 recording 
penmotor has been found satisfactory. It 
has uniform response from zero to approxi- 
mately 100 cycles/sec., covering most of the 
range of frequencies encountered in fluidiza- 
tion work. It had advantages over photo- 
graphing an oscilloscope trace in that a 


continuous and immediate record is ob 
tained 
Probes. The original probe used in this 


work consisted of two plates on the end of 
a rigid coaxial cable. One plate was con 
nected to the outer conductor which was 
bare and grounded. The other plate was 
attached to the inner, shielded conductor 
This probe is illustrated on a photograph 
of the unit previously published (4). A 
later modification was made in order to 
shield the ungrounded plate from neighbor 
ing objects such as heat-transfer tubes. The 
modification consists simply in adding a 
third plate, grounded, on the side opposite 
the first grounded plate. Thereby the active 
field of the probe is greatly reduced. No 
effect on output voltage is produced by 
moving metal objects to within 2 in. of 
the edges of the plates, or zero distance 
normal to the plate faces. This probe is 
illustrated on the capacitometer (Fig. 1) 
and a close-up view of the tip is shown 
in Figure 4 


D.C. OUTPUT VOLTAGE 


| 


3.4 3.6 3.6 8.0 8.2 8.6 86 8.8 5.0 
PREQUPRCY, MBOACYCLES/SREC . 
Fig. 3. Capacitometer performance— 
capacity vs. output voltage. 
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Fig. 4. Close-up view of probe. 


Operation. For tuning and calibration 
prior to a run, it is desirable that the probe 
plates be bare. 

With the selector switch in the probe 
position, the plates bare and the vernier 
tuning condenser in the mid-position, the 
capacity of the main tuning condenser is 
gradually increased until a marked change 
in voltage is noted. Continued gradual in- 
crease of capacity causes the voltage to 
pass through the positive or negative peak, 
decrease from the peak through zero to a 
peak of the opposite sign from the first, 
and then return toward zero, as illustrated 

Figure 3. Having determined the posi- 
tion of the peaks, the capacity is adjusted 
to secure zero output voltage using the 
vernier tuning condenser and, for greater 
precision, a more sensitive scale on the 
voltmeter. 

The next step is to switch the selector 
from the probe to the first reference unit, 
and adjust the main and vernier condensers 
to secure zero voltage again. Reference at 
the bare-plate voltage is thereby available 
for later check to determine or permit com- 
pensation for drift. 

The plates are then covered with the 
material to be studied, establishing it at the 
desired condition either of tightly packed 
bed, or of loosely settled bed. (Both these 
conditions are somewhat difficult to dupli 
cate, and there are arguments in favor of 
each. Currently the loosely settled bed i 
favored, both because it is presumed to 
represent approximately the condition of 
the clumps, and because it is more easily 
available for occasional reference during 
the course of a run without removing the 
probe, merely by slowly shutting off the 
gas flow to the bed, and allowing it to 
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Good Uniformity!) 


Time = 6 


Fig. 5. Typical capacitometer records. 


settle without vibration of the vessel.) With 
the selector switch in the probe position, 
the deflection voltage is noted equivalent 
to the settled bed between the plates 

In the fourth step, the selector switch is 
turned to the second reference unit, and its 
reference condensers tuned to secure the 
same voltmeter deflection as was caused by 
the bed. This operation completes the 
tuning and calibration of the capacitometer 
and permits it to be installed, with care 
not to disturb the tuning or reference units, 
in the vessel, if it is not already so installed. 

Occasional checks for drift are made 
with the aid of the selector switch, and the 
capacitometer tuning or the amplifier gain 
is readjusted slightly if necessary. In gen- 
eral it has been found that the voltage dif 
ferential does not change greatly during a 
run of several hours, although the zero 
may shift several per cent of the differential. 


Results 


Figure 5 shows a comparison of the 
capacitometer records for three typical 
materials. In each case, the horizontal 
axis is the time axis, 6 sec. being spread 
over the chart length, and the vertical 
axis is the capacitometer voltage. The 
upper margin indicates zero voltage, 
corresponding to open air between the 
plates (reference point 1) and the lower 
margin is the voltage corresponding to 
the settled bed. This voltage, of course, 
varies with the material, but the method 
of calibration makes all the charts di- 
rectly comparable with respect to bed 
conditions, despite the material. 

In the upper chart the record of a 
material that _fluidizes outstandingly 
well is shown—an exceedingly fine, 
lightweight precipitated silica, similar 
to Santocel. The average level of the 
record indicates the average bed density 
in the region of the probe. For this 
material it was about 25% of that of 
the fixed bed, corresponding to a bed 
expansion of 300°. Smoothness of the 
line indicates that the uniformity of 
fluidization was high, for the variations 
in density were small compared with the 
average density. 

The second record shows the uni- 
formity of fluidization of a metal oxide 
catalyst under good conditions. The 
average value of the recorded line shows 
that the local density was about three 
fourths that of the settled bed, or a bed 
expansion of 33%. This recording is 
not nearly as uniform as the previous 
one, erratic variations in the density be- 
ing shown. Visual observation with the 
probe near the glass vessel wall indicates 
clearly that such variations are due to 
passage of gas pockets between the 
plates of the probe. Duration of the 
low-density peaks indicates that the 
pockets are small. This record indicates 
fair uniformity of fluidization. 

The lower record shows the uniform- 
ity of fluidization of the same material 
under unfavorable conditions. It will be 
noted particularly that the deviations 
from the average bed density are large 


Chemical Engineering Progress 


both in magnitude and duration. Most 
of the peaks reach up to the zero-density 
axis. Most of the dips go down nearly 
to the settled bed axis. Many last as 
long as % sec.; this record is charac- 
teristic of a badly slugging bed, which 
is, of course, extremely nonuniform. 

The authors’ early work with this tool 
was carried out in small (3-4 in.) 
diameter glass columns so that observa- 
tion of the condition of the bed was 
possible simultaneously with measure 
ment of its fluidization condition. In 
every case the record and the observa- 
tion agreed. 


Uniformity Index. Records cited 
show three typical situations in fluidized 
beds. For more than a visual, qualita- 
tive comparison of these and other situa- 
tions, it is desirable to reduce the oscillo- 
graph record to some numerical value 
characteristic of the record. Inspection 
of Figure 6 and the previous discussion 
will suggest that one important factor 
in such a numerical index would be the 
magnitude of the deviations. A smal! 
positive deviation is evidence of a small 
bubble that only partially empties the 
probe space. A small negative deviation 
is evidence of a small clump or floc of 
high-concentration material. A large 
positive deviation is evidence of a bubble 
that largely or completely clears the 
space between the plates. The reverse 
-a large negative deviation 
is evidence of a large clump of particles 
completely filling the space between the 
plates 

The duration of any of these condi- 
tions is also important in establishing 
a numerical index. Obviously a condi- 
tion of long duration is more important 
than one of short duration. 

These two factors have been evaluated 
and combined into an arbitrary factor 
called a “Uniformity Index.” The ef- 
fect of the bubbles and clumps is ob- 
tained by 


is also true- 


calculation of the percentage 
of average deviation of the record. 

The frequency factor is determined 
simply by counting (as complete cycles ) 
the number of significant variations 
from uniformity over the given chart 
length, and expressing this as a fre- 
quency factor, deviations per second. 

The twe factors are combined empir- 
ically into the Uniformity Index by di 
viding the percentage average deviation 
by the deviation frequency. Inspection 
will indicate that this index must in- 
crease from zero for perfect uniformity 
to a large number for extreme nonuni- 
formity. Table 1 summarizes the process 
of calculating this index. 

For the calculations in Table 1 the 
planimeter was used to measure the 
curve areas. Although somewhat ted- 
ious, it is simple enough to be carried 
out by semiskilled technicians after 
brief training. If the amount of use 
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Time = 6 secs. 
Fig. 6. Uniformity index. 


justifies, it appears probable that elec- 
tromic means could be developed to 
secure the desired result directly from 
the capacitometer output without the 
intermediate record. 


Effect of Particle-Size Distribution. 
Many imvestigators have noted qualita- 
tively that the uniformity of fluidization 
is better for mixtures of particle sizes 
than for narrow cuts. The capacitom- 
eter permits a quantitative comparison 
of different mixtures of sizes, thereby 
enabling precise selection of the opti- 
mum distribution. 

In Figure 7 are shown sections from 
the capacitometer charts for two-size 
distributions of the same material. This 
material is the same metal oxide catalyst 
previously mentioned. Some of its 
properties are shown in Table 2. 

A portion of the wide-cut material 
was screened to remove fines, the coarse 
residues being the narrow-cut fraction. 
The geometric size-distribution index 
(the log-geometric standard deviation ) 
for these two materials is 4.6 and 1.0 
respectively. A small change in average 
size resulted from the screening opera- 
tion, but this does not seriously affect 
the comparison. 

It is evident that the presence of fines 
greatly improves the uniformity of 
fluidization, their removal causing the 
uniformity index to rise from 3.8 to 32. 


Effect of Gas Velocity. Charts shown 
in Figure 8 illustrate the effect of 
velocity upon uniformity of fluidization. 
The material under study was the wide- 
size range metal-oxide catalyst prev- 
iously mentioned. At the lowest velocity 
shown, only slightly above the minimum 
fluidization velocity, the bed boiled mod 


Index 3.8 


Fig. 7. Effect of size distribution. 
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TABLE 1 


Av. density, % 


UNIFORMITY MEASURES 


total area between curve and zero-density line K 100 


total chart area 


Av. deviation, % 


Frequency 


av. deviation, % 
Uniformity index 
frequency 


total cross-hatched area XK 100 
total area between curve and zero-density line 


number of cross-hatched areas per second 


Experience has indicated the following ranges of the Uniformity Index 


D gree of Uniformity 
Fair 
Poor, 
with increasingly 
large slugs 


erately smoothly, giving a uniformity 
index of 2. Doubling the velocity 
trebled the uniformity index, the 
worsening taking place primarily as an 
increase in the size of the bubbles, with 
only a slight decrease in their frequency. 
This observation confirms remarks of 
previous investigators that after the 
minimum fluidization velocity is reached, 
additional quantities of gas pass through 
the bed as bubbles. However, it is 
believed that this observation must be 
restricted to coarse, heavy materials, 
fluidizing at high Reynolds numbers, 
for the fine materials have been seen to 
continue to expand rather uniformly 
over a wide range of velocity. 

Increase of the velocity to three and 
one-half times the first velocity brought 
the bed to an incipient slugging condi- 
tion, as is indicated by the presence 
of broad, irregular valleys and high 
rough plateaus on the record. The uni- 
formity index reached 8.9, only a small 
increase from the previous index. 

It should be noted that all the prev- 
ious results were secured at the 6-in. 
level in a 30-in. expanded bed contained 
in a 4-in. diameter column. At this level 
the effect of the initially good gas dis- 
tribution is still apparent, and the 
changes in velocity may make themselves 
evident. At the higher levels discussed 
in a section below, the effect of change 
in velocity is considerably obscured by 
the generally poorer uniformity of 
fluidization. 


Effect of Initial Gas Distribution. In 


the previous section it was suggested 
that good gas distribution at the column 


TABLE 2 
Material symbol 
Particle size cut 
Uniformity index 


Screen Analyses 


mes} 


Geometric mean size, 2) 


Size distribution index (log-ceometric «tan 
ard deviation, O,(2 
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Uniformity Index 
1.0-5.0 
5 0-60.0 


Velocity: 7/8 ft./sec. 


Velocity: 1/2 ft./sec. 


Velocity: 


Fig. 8. Effect of gas velocity. 


WITH DISTRIBUTOR 
Probe Level - 6 in. Index 2.2 
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Fig. 9. Effect of initial gas distribution. 
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Fig. 10. Growth of slugs and pockets 
—Material A. 


base may temporarily improve the uni- 
formity of fluidization. This is con- 
firmed in Figure 9. There in the upper 
and middle charts is shown the degree 
of uniformity at the 6-in. and 16-in. 
levels, above an initial gas distributor 
consisting of a piece of fine cloth sand- 
wiched between coarse wire screens. In 
the lower chart is shown the degree of 
uniformity in the same column after 
removal of the screen. The probe is 
physically at the previous 6-in. level, but 
because of the addition of the cone bot- 
tom, the level is now 9.5 in. above the 
gas inlet. 

It will be observed that use of the 
distributor improved uniformity for as 
much as 16 in. above the distributor. 


28-in. Level 


Fig. 11. Growth of slugs and pockets 
—Material B. 


TABLE 3 


Material 


A—wide cut 
B—narrow 


UNIFORMITY INDEX AT 6-IN 


Other charts (not shown here) indicated 
that at higher levels the improvement 
was negligible or absent. 


Effect of Bed Height. The effect on 
uniformity of increasing the height of 
the bed is a matter of concern in fore- 
casting large-scale results from labor- 
atory and pilot-plant investigations. 
There are two avenues for such an effect 
—first, the uniformity at higher levels 
may be different from that at 
levels, and second, an increase in bed 
depth may cause a change in the uni- 
formity at some lower level. This sec- 
tion deals with the latter effect. 

Table 3 shows the effect on the uni- 
formity at the 6-in. level of deepening 


lower 


the bed above it by adding more ma- 
terial. 

It is evident from Table 3 that 
the uniformity for Material B at low 
bed heights was not significantly affected 
by increasing the bed height by five 
times. The uniformity of Material 4, 
the one that fluidized better, was signifi- 
cantly improved by deepening the bed. 


Uniformity at larious Levels. The 
other effect that was suggested in the 
previous section is a possible change in 
uniformity from bottom to top of the 
bed at constant bed height. The evidence 
indicates that this effect is of large 
magnitude. Figures 10 and 11 show the 
results of traverses of beds of Materials 
A and B. Both figures show the rapid 
loss of uniformity as the probe level is 
raised from the bottom of the bed. The 
rate of change of uniformity is particu- 
larly striking; the material that inher- 
ently fluidizes poorly loses uniformity 
at much the greater rate. Figure 12 
shows graphically the comparative rates 
of loss of uniformity for these materials 
with plots of considerable data in addi- 
tion to those on Figures 10 and 11. 


Discussion of Results 


The majority of the work reported 
here was carried out on one material in 
two ranges of particle-size distribution. 
Work on other materials in general con- 
firms the observations given here. It is 
believed wise not to use the information 
herein for extrapolation over large 
changes of scale, but rather to evaluate 
proposed materials with capacitometer 
and small-scale reactor tests covering 
the most critical factors of the particu- 
lar development. 


LEVEL 
Settled Bed Height 


16 in 28 in 


65 30 35 
PROBE LEVEL, INCHES 
Fig. 12. Growth of nonuniformity. 


A limitation in the field of application 
exists for this tool—materials of high 
electric conductivity such as metal pow- 
ders and graphite cannot be tested as 
described, because any small bridge of 
conductive material from plate to plate 
amounts to an electric “short.” Even 
insulation of the plates will not over- 
come this unless the material is low in 
conductivity, and does not form a fixed 
film on the insulated surface. Insulation 
of the plates has permitted study of 
certain charcoals, but has not sufficed 
for the study of graphite because its 
adherent conductive film on the insulated 
surface amounts to fixed third and 
fourth plates connected through the 
body of the bed, thereby constituting 
two fixed condensers connected by a 
varying resistance. 


Summary 


The capacitometer developed for the 
measurement of uniformity of fluidiza- 
tion provides a valuable tool for re- 
search and development in the fluidized- 
solid technique. 
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CHEMICAL ENGINEERING IN THE 
GLASS INDUSTRY 


R. A. MILLER 


Pittsburgh Plate Glass Company 
Pittsburgh, Pennsylvania 


LASS is an 
with which 
people are quite 


article of commerce 
generally speaking, 
familiar. Since its 
production is one of the most ancient 
of industries, and natural glasses have 
been used from time immemorial, the 
desirability of tracing its complete his- 
tory is doubtful. However, before get- 
ting into the mechanics and the art of 
glass-making, a review covering the last 
50 years of the flat glass industry will 
serve as a suitable background for a 
study of the chemical engineering as- 
pects of this product. 

Previous to the present century, pro- 
gress in the arts of glass manufacture 
had been sporadic and essentially in- 
consequential. Some mechanical proc- 
esses had been introduced into the man- 
ufacture of plate glass, and automatic 
bottle machines had been developed. All 
sheet window glass was a handmade 
article. Production was largely seasonal 
in character and the workers were jour- 
neymen craftsmen. The industry was 
chaotic to say the least, both in the sheet 
window-glass plate-glass _ fields. 
Multitudinous and ruinous competition 
was the order of the day and there were 
few if any funds available for develop- 
ment work of any kind—the producers 
were absolutely at the mercy of the 
buyers, whose cash advances were their 
only source of financial assistance. 

However, one cannot escape history 
even in the glass industry. The ex- 
panding economy of the nation required 
more glass—and developments in other 
fields, by typical though not so-styled 
chemical engineering processes were 
adapted to the production of glass. The 
Siemens open-hearth steel furnace was 
the progenitor of the modern 
melting tank—Bessemer produced a 
continuous ribbon of glass—the hand- 
blown cylinder of window glass evolved 
into a cylinder-blowing machine of al- 
most human capacity—and_ productivity 
was increased many-fold. This 
opment brought with it a change in 
habit—seasonal production lagged, for 
the tank- and cylinder-blowing machine 
operated all the time so that the hand- 
blown window-glass plants which could 


glass- 


devel- 
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compete neither in quantity, quality, nor 
cost gradually fell by the wayside and 
were practically extinct by 1929. 

But developments seldom come singly. 
The machine cylinder process had 
hardly a good start when a method for 
producing a continuous flat-drawn sheet 
of window glass was invented in 1904 
in the United States and a different but 
similar process for producing flat-drawn 
sheet glass was invented in Belgium at 
almost the same time. Neither became 
commercial until after 1929. The Owens 
bottle machine was dev eloped during the 
preceding year, 1903. 

The development of the Colburn flat 
drawn sheet window-glass process in 
the United States was rather slow and 
again was closely paralleled by the de- 
velopment of the Fourcault process in 
Europe but by 1929 both had become 
established processes, and a third proc- 
ess which is called the “Pennvernon” 
process was being developed. The ma- 
chine cylinder process rendered obsolete 
almost before it began, did not disap- 
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pear until a number of years later, but 
virtually all sheet glass used is 
made by these three 
for producing flat-drawn sheet glass. 
Meanwhile, American ingenuity and 
enterprise had not been idle in the 
ground and polished plate-glass field. 
Grinding had been accomplished by 
grading sand in a type of weir much 
like the panning of gold and the various 
grades of sand were dug out of their 
settling beds into wheelbarrows and fed 
to the grinders by hand. This was ob- 
viated by the invention of the Hitchcock 
sand-grading cone which classified the 


now 


one ot processes 


sand by a flotation process and separated 
the grades continuously so that they could 
be fed directly from the grader cone to 
De 
velopment of the so-called rod-lehr at 
about this same time, reduced annealing 
time and eliminated the old wasteful 
annealing oven kilns. 

For many years, the plate-glass blanks 
were laid in plaster of paris on huge 
round tables, to be ground on one side. 


the grinders in volume as required 
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A modern laying yard. 


They were then lifted and relaid to be 
ground on the second side. Again they 
were lifted and moved by hand from the 
grinding shed to the polishing shop, 
where the faces were successively pol- 
ished. Some bright chemical engineer 
decided that this process was wasteful 
and persuaded some factory manager to 
let him put the grinding table on tracks, 
and then the glass need be laid only once 
to grind and polish each side. This cut 
grinding and polishing time almost in 
halfi—from 24 hrs. to 12. hrs.—with 
other developments to come. 

The rod-lehr was followed quickly by 
the continuous motion roller lehr, which 
again cut annealing time, and itself led 
to the greatest advance in production 
techniques—the melting of plate glass 
in continuous tanks, forming the sheet 
between rolls at the delivery end, and its 
through a continuous roller 
lehr, to produce satisfactorily annealed 
glass, with an absolute minimum of loss. 

The old grinders and 
polishers gave way to a continuous train 
of grinding and polishing cars moving 
constantly forward under the grinders 
and polishers for first side finishing, to 
return to the laying vard for trans- 
fer to a endless train for 
second side finish in similar manner. 
The two finishing lines—or G. & P 
lines as they are called 


passage 


round-table 


sece mad 


are parallel 
tracks, and sand, emery and rouge are 
fed to both sides continuously as the 
work progresses. 

The finished glass is now moved to 
the wareroom where it is examined for 
defects and marked for cutting as orders 
may require. A continuous conveyor 
moves the large marked sheets to the 
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cutting machines where major long!- 
tudinal and transverse cuts are made as 
the glass moves forward to be finally 
lifted by the individual cutters and 
stacked on racks according to size. 

The net result of these several im- 
provements has been to reduce the 
elapsed time from raw material to fin- 
ished glass from 190 hrs. to 15 hrs., 
and if the time in the annealing ovens 
or kilns is also taken into account, from 
310 hrs. to 15 hrs. 


Materials—Handling Equipment 


Batch materials are received by rail and 
elevated into storage bins by endless belt 
elevators or by air streams. From the bins, 
they are delivered by gravity into the batch 
car, which in many instances is actually 
a rotary mixer, and if not to the mixer, 
where it is so thoroughly intermingled 
that segregation of ingredients becomes 
almost impossible. Another bucket con- 
veyor now elevates the mixed batch to 
another storage bin above the batch hopper 
at the tank mouth or filling doghouse. This 
hatch hopper is kept as nearly full of batch 
as may be practicable and a reciprocating 
mechanism feeds a blanket of batch contin- 
uously into the melting tank. 

In a sense, this melting tank itself might 
be termed a piece of materials-handling 
equipment. It acts to convey molten glass 
to the working end, whily finishing it on 
the way. It has been estimated that it 
requires approximately 8 hrs. to convert 
raw batch into finished molten glass deliv 
ered to the forming rolls 

Up to this point, the production of sheet 
window glass and plate glass follows the 
same pattern. Continuing with plate-glass 
processes, the glass is fed continuously 
from the mouth of the tank to the forming 
rolls, where the thickness and width of the 
ribbon are determined. The glass is pre 
vented from squeezing out between the ends 
of the rolls by white hot metal guns which 
are fired with an explosive mixture of com- 
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pressed air and gas. The spacing of these 
guns determines the width of the ribbon 

As it leaves the forming rolls, the ribbon 
of glass is picked up by the apron rolls of 
the continuous roll conveyor lehr. These 
rolls run just a bit faster than the forming 
rolls and thus slightly stretch the still 
semi-molten ribbon. The forming rolls 
make a “crust” on the ribbon which is still 
soft enough to break through if the glass 
were not moved away a trifle faster than 
it arrives. 

Annealing time of course depends upon 
the thickness of the ribbon, and this deter- 
mines the speed of draw. The speed must 
be just fast enough so that the glass may 
have reached a temperature of about 200° F 
from a temperature of about 1700° as it 
left the rolls. About 200° are lost in the 
first 5 ft., and the rest in the 400-ft. lehr, 
rather rapidly 1500° F. to 1150° F., 
slowly through the annealing range from 
1150° F. to 950° F. and again rapidly to 
room temperature, or at least a temperature 
at which it may be handled 

At the lehr mouth, the rough glass is 
examined for any inclusions or defects 
which might render it unsuitable for grind- 
ing, and only full-size grinder blanks are 
cut from the ribbon. The rest is called 
cullet and is returned to the batchhouse 
where it forms about 25% of the mixed 
batch. The grinder blanks are lifted on 
vacuum-cup-equipped frames manipulated 
from an overhead crane, and moved to 
storage racks, or are delivered directly to 
a lateral conveyor which moves the glass 
to the laying yard 

At the laying yard, another crane 
equipped with vacuum-cup frames and a 
turnover hairpin mechanism lifts the glass 
and deposits it in a bed of plaster of paris 
which has already been spread on the deck 
\ set of rollers is now brought to bear 
on the plate, and presses it down into the 
liquid plaster, squeezing out excess plaster 
and air as the rolls move forward over 
the plate 

Plaster in carload lots is stored in bins 
just as with batch materials. It is fed from 
these bins to a bucket elevator, then to a 
worm conveyor, which feeds the dry plaster 
to small storage bins at the laying yard 
(a travel of about 300 ft.) and at the 
middle yard (about 400 ft. farther). It is 
mixed with water by hand and the mixture 
is spread on the deck from an ordinary 
garden variety of sprinkling can. The mix 
is thin, but none the less sets up sufficiently 
in the short time allowed—less than 10 
min.—to hold the glass securely to the 
decks as it passes under the grinder run- 
ners 


Grinding Plate Glass 


Grinding is accomplished by crushing 
progressively finer grains of sand between 
the cast-iron shod grinder heads and the 
glass. The sand is supplied in water sus- 
pension to the center of each grinder head, 
directly and continuously from the sand- 
grader cone. The coarse sand is drawn 
from the bottom of the cone and fine 
grades at higher and higher positions, 
which vary slightly with changing seasons 
and water densities. Used sand is returned 
to a main sump and recirculated through 
the grader. Rough sand is dug from the 
bottom of the river or from more accessible 
sand mines, and fed in water suspension 
through large mains to storage tanks from 
which it is delivered to the sump in such 
volume as may be required to maintain 
the sand density of the grading system 
The pumps which deliver the sand mixture 
to the grading cones are operated at con- 
stant speed and are capable of throwing a 
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6-in, stream some 40 ft. above the top of 
the grader cone, which is itself approxi- 
mately 50 ft. above the pump. The pumps 
are of the centrifugal type, using bronze 
rotors in separate cast-iron shells, which 
are housed in air-tight cast-iron casings. 
The grader cones are approximately 33 ft 
high from the 6-in. receiving end to the 
bottom of the 8-ft. high by 12-ft. diameter 
top ring. Any overflow from the top of 
the grader is discarded, as the sand in the 
overflow is almost impalpable. Closer 
grading can be gained by recirculating each 
grade from the main cone through similar 
smaller cones, whereby each grade can be 
separated into a number of closer grades, 
and more of the fines eliminated from each 
grade 

The grinders are large steel discs faced 
with oak planking and special cast-iron 
runner bars so arranged that the sand- 
water mixture is threwn toward the outside 
of the disc as it spins. These discs are 
hung on a universal joint at the lower 
end of a vertical shaft which is driven by 
a 25-kw. synchronous motor. The whole 
assembly can be picked up by an overhead 
crane and moved from one position to 
another, or out of the line entirely, for 
refacing 

The G. & P. decks are driven by a var- 
iable speed a.c. motor through a rack and 
pinion drive, the rack being attached to 
the underside of the tables. Constant speed 
is obtained by a restraining brake at the 
end of the G. & P. line. The track upon 
which they move is the heaviest available 
railroad rail specially machined to a square 
head, and this track is level to an accuracy 
of less than plus or minus .001 in. over its 
entire length of nearly 1000 ft. Each deck 
car weighs approximately 3 tons, and the 
decks are machined true and then ground 
under the regular G. & P. grinding equip- 
ment 

Grinding sand varies from about .375 
mm. grain size to about .037 mm. and the 
final grinding is accomplished with emory 
or alundum graded from .067 mm. to .027 
mm. final grain size 

At the middle yard, the decks are ex 
amined and any broken glass removed and 
chipped glass cut out. Gaps so left are 
filled with plaster or if large, with set-out 
cullet. The plaster borders are rebuilt, and 
the line proceeds under the polishers 


Polishing 


The polisher blocks consist of numerous 
cast-iron discs from 18 to 24 in. in dia- 
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meter, faced with heavy felt pads. These 
blocks are distributed around the rim of a 
spider, with some toward the center. Each 
block is suspended freely on a ball-and 
socket joint at the end of a pin which floats 
in a gland in the spider. The spider is 
suspended and driven similarly to the 
grinder head, except that there is no uni 
versal joint at the end of the drive shaft. 

Polishing is accomplished by feeding 
rouge suspended in a copperas solution to 
the center of the polishing spider, whence 
it is delivered to the leading edge of cach 
polisher block. The réuge tends to build 
up on the face of the felt and when this 
build-up has completely covered the felt 
and so long as it remains reasonably soft, 
polishing proceeds, with the generation ot 
sufficient heat to volatilize the water: 
hence as the glass leaves the polishers the 
surface is completely dry and the glass at 
a temperature something more than 125° F 
Rouge is red ferric oxide. It is screened 
through 300-mesh silk bolting cloth and 
mixed with copperas solution to a prede- 
termined Baume reading. It is mixed in 
large wooden vats and delivered to the 
polishers through a pipe system, propelled 
by all bronze centrifugal pumps. The lines 
are small in diameter and the velocity high 
to lessen the probability of settling and 
clogging. 


To return to the sheet window-glass 
production, it was stated that up to the 
point of delivery of molten glass from 
the tank, the processes of plate glass 
and window glass were essentially iden- 
tical. 


Sheet Glass Production 


In sheet glass manufacture, the glass is 
delivered to the working doghouse or draw- 
ing kiln, where a flat sheet is formed by 
drawing the glass vertically upward from 
the molten bath. In the Fourcault process, 
the glass is extruded through a slot im a 
clay shape called a debiteuse floating on 
the surface of the bath, which determines 
the width of the sheet and tends to hold 
the edges by chilling them. The glass is 
picked up by a bait which is lowered into 
the slot and then raised through a vertical 
conveyor to a height of some 30 ft. above 
the level of the tank, where the glass is 
cut into stock sheet sizes 

In the Colburn process, no debiteuse is 
used and the glass is drawn freely from 
the surface of this bath, with special edge- 
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holding devices used to hold the width of 
the sheet and prevent its drawing down to 
a mere thread. A bait is used to start the 
ribbon which in this process is raised ver- 
tically only about 24 in 

The glass is still sufficiently soft to bend 
90° over a large roller at the mouth of an 
horizontal roller lehr much like the plate- 
glass lehr. The pressure of the glass on 
the bending roll and the lehr rolls affords 
the traction to draw the glass continuously 
in a flat ribbon some 400 ft. long. At the 
lehr mouth, the glass is cut into stock 
sheets 

The Pennvernon process is more 
nearly similar to the Fourcault process 
than to the Coburn process and the 
authors believe it eliminates the inherent 
troubles to which the other two proc- 


esses are subject. 


The Pennvernon process eliminates the 
debiteuse of the Fourcault process and the 
bending rol] of the Colburn process. The 
line of draw is determined with great ac- 
curacy by a completely submerged clay 
“drawbar” which acts to absorb or obscure 
just enough mass radiant heat to define 
sharply the line of draw directly over it 
and prevent wandering over the bath. Sur 
faces of the bath flow directly and smoothly 
into the surfaces of the sheet, which ts 
freely drawn vertically upward some 6 or 
7 it. Thus the Pennvernon process pre 
vents the sensitive hot glass surfaces from 
making contact with any extraneous equip 
ment which might mar them until they have 
cooled and hardened sufficiently at the 7-ft 
level so that the rolls of the vertical con 
veyor may clamp the ribbon sufficiently to 
afford traction without at the same time 
imprinting the surfaces 

The conveyor on both the Fourcault and 
Pennvernon machines consists of counter 
balanced asbestos-covered rollers which are 
driven, and clamp the glass between them 
This affords the traction to draw contin 
uously the formed sheet away from the 
bath. At the top of the conveyor, which 
is also to some extent a lehr, vacuum-cup 
frames on overhead trolleys grasp the sheet 
as it rises above the cut-off point and 
travels upward with it until the cut i 
made, usually by mechanical] means. 
stock sheet thus formed is moved by hand 
to carriages, also suspended from trolleys 
and moved to the examining and cutting 
room. Mechanical handling of sheet glass 
essentially ends at this point. The glass 
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is cut into relatively small sizes and ex 
amined and graded in those sizes. It is 
moved manually to the packing room and 
packaged for shipment. Roller conveyors, 
electric industrial lift trucks and hand-lift 
trucks are used in moving the packed glass 
from the boxing room to storage or directly 
into cars. Packaging and pac kage handling 
in the case of plate glass is somewhat 
similar, except that plate-glass cases are 
not of standard sizes and are usually much 
larger and heavier than sheet-glass boxes, 
so overhead cranes also are used in loading 
plate glass into cars. Plate glass is never 
stored in boxes at the factory. 


Laminated Safety Glass 

Laminated safety glass is identified in 
one’s mind with the glazing of automo- 
biles, high speed streamlined trains and 
aeroplanes. The processes in this case 
are all of the assembly type and involve 
the handling of finished articles of 
commerce to be assembled into a single 
unit of a new product. The laminating 
medium used is sheet polyvinyl-acet- 
butyral supplied by several other manu- 
facturers. 


The vinyl sheet is received by rail or 
truck freight in large (not huge) rolls and 
handled manually to the storage and proc- 
essing floor. As received, the sheet is 
coated with sodium bicarbonate to prevent 
its self-adhering, and this coating is not 
removed until just before lamination. The 
rolls of plastics are moved into a condi- 
tioning room where the sheet is festooned 
or draped in long loops over conveyor rolls 
much as in a wallpaper factory. The mois- 
ture content of the plastic is carefully 
stabilized at a desired minimum and then 
moved to the cutting room. Here the rib- 
bon of plastic is cut into sheets of adequate 
size to cut the various contours required 
for the finished product. For many of the 


shapes, large cutting dies are available and 
piles of plastic are cut to contour by me- 
chanical shears. Other shapes are cut to 
contour using glass or aluminum templates 
to guide a manually wielded sharp sc alpel- 
like knife. Most of this work is performed 
by women. Piles of plastic are placed on 
dollies and moved manually to the assem- 
bly line 

Meanwhile, the glass from the factory 
is delivered to the glass-cutting room. As 
received, it is already cut to appropriate 
rectangular size to yield the desired finished 
contours. It is in piles of as many as 75 
or 80 pieces, but these piles cannot be 
moved to a die-cutting machine. Each indi- 
vidual piece must be cut separately. Here 
also glass or aluminum templates are used 
as cutting guides. However, many contours 
adapt themselves to the design of semi- 
mechanical cutters. These consist of metal 
guide tracks which carry a cutting head 
The operator places a rectangle of glass on 
the table under this cutting frame, grasps 
a knob handle on the cutting head and 
exerting a_ slight downward pressure, 
swishes the cutting head around the track. 
The cutter is so set that the axis of the 
cutting wheel is always at 90° to the line 
of the cut, and the plane of the cutting edge 
at 90° to the plane of the glass. This oper- 
ation is much more rapid than hand-cutting 
to template. These machines could be and 
in some cases have been made wholly auto- 
matic. However, several things militate 
against their use, not the least of which is 
the cost of equipment for small quantities 
of a given contour, 

Glasses are assembled in pairs onto small 
hand trucks and moved by hand to the 
assembly line. Here both glass and plastic 
pass through similar scrubbing equipment 
which thoroughly washes and dries the 
sheets. The plastic also passes through an 
antistatic device 

In a meticulously dust-free air-condi- 
tioned assembly line, the glass and plastic 
are assembled by hand into a sandwich. 
The assembly passes through an electric 
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heating chamber and between a series of 
rubber-covered rolls which squeeze the 
glass and plastic into intimate contact. All 
of this is accomplished on a continuous 
roller conveyor. 

At the end of the conveyor, the glasses 
are piled on edge on large carriages which 
are moved by hand to the autoclave. They 
are lifted by an overhead hoist and set 
down into the autoclave which is approxi- 
mately 50 in. in diameter by 120 in. high 
The autoclave is filled with a fluid and the 
cover locked in place. The fluid continues 
to circulate through a heat exchanger and 
the temperature is built up to 260° F. 
Meanwhile the pressure has been built up 
to between 150 and 200 Ib./sq.in., where it 
is held while the temperature drops to 
160° F. The glasses remain in the auto- 
clave for approximately 25 min., after 
which the lamination is complete and fully 
transparent safety glass has been made. 

The glass is now moved to the edge- 
finishing department where most of the 
edging is accomplished by automatic edge- 
grinding machinery which carries the glass 
forward and rotates it so that each edge 
is finished as required, without any inter- 
mediate handling. Finished pieces are 
handled from floor to floor to the final 
examination room on an endless belt ele- 
vator equipped with long wooden pegs upon 
which the glass rests as it moves down- 
ward. At the foot of the clevator, it is 
removed by hand to an endless belt con- 
veyor which runs past the examination 
stalls where girls lift each individual piece 
and examine it for extraneous inclusions 
The approved glasses move on to the pack- 
ing area at the end of the conveyor, are 
separately wrapped and packed into boxes 
by hand 


Other Flat Glass Products 

In this day of superconsciousness of 
solar heating, air conditioning and in- 
sulation, double- or other mutltiple- 
glazed units have become a must in 
most residential construction, in refrig- 
eration and ‘in air conditionirs. As a 
result two such competitive units have 
been developed which will remain clear 
and free from condensed moisture for 
a long indeterminate time, and afford 
the same insulation against heat gain 
or loss as is provided by an 8-in. brick 
at the 
clear 


wall, while same time affording 
perfectly the distant 
scene. This paper will not go into the 
respective merits of these competitive 
products. Suffice it to say that they are 
competitive. 

In these days a 
for 


vision ot 


demand has arisen 
glass which will 
absorb considerable portions of the total 
radiant energy while transmitting almost 
any desired portion of visible light. But, 
one can't have both; 
mise—high heat connotes 
low light transmission and conversely, 
high light 
low heat absorption. 
sorbing glasses 
tics are 
market. 


heat-absorbing 


hence, a compro- 


absorption 


transmission connotes 
Several heat-ab- 
of varying characteris- 
generally the 


available on 


On the other hand, while so often seek- 
ing to avoid direct solar radiation, often 
nonetheless people demand a source of 
energy which may or may not be utilized 
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as radiant energy. As a result of this de- 
mand, there has been developed an electric 
conducting glass which is called “Nesa” 
and which has found widespread use in 
defogging and deicing the windshields of 
military aircraft, and some application as 
a space-heating device, principally between 
a window and a desk or as a whole window 
installation. It affords the possibility of 
satisfactory electric panel heating. 

It should be noted that heat-resistant 
glass is not generally available in flat glass 
form, though it has been developed to a 
high degree for ovenware, laboratory 
equipment and other special applications. 
Difficulties encountered in melting and re- 
fining this type of product make it almost 
impossible to produce heat-resisting glass 
of the clarity and freedom from internal 
defects such as ream or stria character- 
istic of plate glass and flat-drawn sheet 
glass. 

Fire-retardant glass has its only example 
in wire glass. 


Glass Block 


This brings up the subject of glass block 
which is being used so extensively in cur- 
tain walls construction in the United States 
today. This panel structure product is of 
recent origin and is a development of the 
middle thirties. Glass blocks, as the term 
is used, are hollow autogenously hermet- 
ically sealed units which are produced in 
three standard sizes—6 in., 8 in. and 12 in. 
square and 4 in. thick. The glass batch 
from which they are made contains ten 
different chemicals, each calculated to im- 
part some specific property to the finished 
product. The raw batch comprises the 
same ingredients as those used in plate 
glass and window glass plus several others, 
each of which fulfills a specific purpose in 
making up a glass which is durable, free 
from bubbles and unmelted batch, clear in 
color, easy to melt and readily pressed into 
the desired shape. 

As with other batch materials, 
materials are carefully checked. 
iron is removed by passing the 
over a magnetic pulley before 
the storage bins. They are 
from these bins in quantities which vary 
from 72.5% of the total batch to only 
.0005% and are then thoroughly mixed in 
a conventional-type mixer for some 3 min 
The mixed batch which weighs approxi- 
mately 1300 Ib. is moved by dump truck 
and bucket belt elevator to storage bins 
above and adjacent to the melting tank, 
and is fed into the tank at a uniform rate 
by screw conveyor feeders 

The melted glass flows from the tank 
into 15-ft. long narrow troughs called 
“forehearths” in which the glass is con- 
ditioned to the final desired temperature 
The glass flows like stiff molasses from 
the forehearth through a vertical 4-in. 1.D 
cylinder. A ceramic piston or plunger fit- 
ting loosely in this cylinder forces the glass 
through the cylinder in gobs which are cut 
off by metal scissors. 

The free-falling gob of glass lands in a 
mold made of cast iron, stainless steel or 
bronze, carried on a 10-ft. diameter table 
that rotates in steps. Immediately after the 
gob falls into the mold of which there are 
12 a machine, the table indexes to the next 
position where an _ air-driven plunger 
comes down upon the glass with sufficient 
pressure to force it to fill the space between 
the mold and the plunger. Thus a square 
dish is formed with a 2-in. high rim. This 
is half a block and at this stage, when 
removed from the press, the glass is rigid 
and at a temperature of about 1200° F. The 
inner surface of the molds and the face 
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of the plunger bear the configurations 
which are pressed into the outside and in- 
side surfaces of the glass block, respec- 
tively. 

These half blocks are manually placed 
in pairs in a sealing machine where the 
edges are reheated to the softening point 
by means of a gas flame. The moist prod- 
ucts of combustion are mechanically flushed 
by jets of dry air from the insides of the 
two halves just before they are brought 
together. This is done merely to lower 
the dew point of the entrapped air. When 
the two halves are forced together, the 
glass squeezes out slightly and forms a 
true glass seal. The average temperature 
of the glass block at the time of sealing is 
about 1100° F. so that when the entrapped 
air cools to room temperature a two-thirds 
vacuum develops in the block 

From the sealing machine the blocks are 
placed by hand on the endless chain belt 
ot the lehr where they are annealed in 
about 4 hrs. time 

Final inspection is given to every single 
block and representative samples are re- 
moved from the production line and tested 
to destruction in various ways. 

In order that the blocks may be laid up 
in cement mortar to form a strong water- 
tight wall, the four edges, generally called 
the mortar edges, are spray-coated with a 
material that will provide the proper 
resilient medium between the glass and 
mortar. 

Cardboard shipping cartons take twelve 
6-in., eight 8-in. or three 12-in. blocks. 
These bloc ks find their way into the walls 
of practically every type of building from 
chemical plant to residence. They are 
structurally strong even though they are 
not intended to carry superimposed loads. 
They have about the same insulating value 
as 8 in. of ordinary brick, and will trans- 
mit a high percentage of the incident light 
In fact the light-directing type of block has 
prisms molded into the inside surfaces that 
serve to direct the incident light to the 
ceiling and the back of the room, thus 
making them ideally suited for classroom 
fenestration and other places where good- 
seeing conditions are important. In certain 
chemical plants where acid fumes are 
present, acid-resisting cement is used in the 
mortar or the regular mortar joints are 
painted with an acid-resisting coating 


Foamglas 

Another unique all-glass product of 
recent origin is cellular glass or Foam- 
glas as it is called by the only com- 
pany that manufactures it in this coun- 
try. Foamglas is a rigid block type of 
insulation composed entirely of glass 
and a minute quantity of carbon. It is 
cellular in structure and the cells are 
not intercommunicating. This latter 
feature, of course, plus the fact that it 
is made entirely of glass gives it its 
high resistance to the passage of mois- 
ture. In fact it was this property plus 
its light weight of 10 Itb./cu.ft. that 
prompted the Navy in 1942 to become 
interested in substantial quantities for 
flotation purposes. 

With this incentive the first factory 
was built in 1942 in this country even 
though development work started in 
France in the early thirties and in this 
country a few years later. 

As is the case in practically all glass 
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products, the raw materials that go to 
make up Foamglas are selected for this 
particular purpose; it is necessary to 
include materials that will generate 
gases under specific circumstances. 


The first step in the process as now prac- 
tised is to produce a glass melt in much 
the same manner as described above under 
Glass Block. But in the case of Foamglas 
manufacture the molten glass is drawn out 
of the tank as a continuous thin film, al- 
lowed to cool rapidly, and then crushed 
in a rapidly revolving ring crusher from 
which it is elevated to a large storage bin 
From the storage bin the glass is weighed 
out and fed, along with a fraction of one 
per cent of carbon black the gassing agent 
or “yeast,” into large pebble mills where 
the glass is further crushed, pulverized and 
intimately mixed with the carbon black. 
The resulting dry powder weighs about 50 
Ib./cu.ft.; therefore, its volume before cellu- 
lation is only one-fifth that after cellulation. 

The powder is automatically weighed in 
a specially designed rectangular vibrating 
and dumping device that places the batch 
quite uniformly over the bottom of the 
two-part mold pan to a depth of about 
1 in. The mold pans are simple rectang- 
ular slightly tapered welded units made 
of \%-in. thick stainless steel. The top 
half is the same as the bottom hali and is 
merely inverted and set in place over the 
bottom half thus forming a box % filled 
with the powder. To prevent the powder 
from sticking to the mold pans when heated, 
the pans are spray-coated each trip with a 
clay parting agent. 

The partially filled mold pans, 13 in. x 19 
in. x 5 in. high, are conveyed through a 
60-it. long, 5 ft. wide direct gas-fired roller 
hearth furnace, in which the temperatures 
range roughly from 1400° F. at the entrance 
to 1700° F. near the middle and 1300° F 
at the exit. During its travel through this 
temperature cycle in about an hour's time, 
the glass powder first sinters, gets hard 
and shrinks like mud in the sun. Then as 
its temperature rises it softens and begins 
to swell as gases are generated within the 
viscous mass. The expansion of the gases 
in the tiny individual cells causes the glass 
to fill the mold and slightly raise the top 
half 

As the filled ‘mold comes out of the fur- 
nace the cover is removed and the 1300° F 
cellular glass block is quickly lifted from 
the bottom pan and placed on end in a 
10-ft. wide, 130-ft. long direct-fired an 
nealing lehr. Since this product is a good 
insulating material, it takes an unusually 
long time to anneal and bring down to 
room temperature. In the case of a 5-in 
thick block the total time in the lehr is of 
the order of 12 hrs 

The Foamglas block as it comes from 
the lehr is somewhat irregular and slightly 
oversize and must therefore be trimmed to 
size. This is done quite readily and with 
precision in sennautomatic equipment using 
fairly open-grained carborundum wheels 
And if it is desired to cut a standard 
4-in. X 12-in 18-in. block into two 2-in. 
thick blocks this is done with a specially 
chrome-plated band saw The finished 
blocks are packed in cardboard cartons 


During the past several years a por- 
tion of the rectangular blocks has been 
further cut and fabricated in the fac- 
tory into curved shapes for use on var- 
ious types of chemical processing equip- 
ment and pipe covering. The bulk of 
this work is done with abrasive wheels 
and band saws. 
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Because of its resistance to moisture 
vapor penetration, Foamglas is the ideal 
insulating material for cold storage 
work especially where its rigidity and 
strength add to the structural integrity 
of the installation. Of course the joints 
between the blocks must be sealed to 
obtain a completely vapor-tight struc- 
ture. This is readily done with hot 
asphalt or some suitable mastic or ad- 
hesive suited to the conditions of the 
particular job. This material is being 
used extensively as insulation under 
floors, in walls and on roofs of all types 
of structures. Recently it has been used 
as the core material in prefabricated 
concrete panels 6 in. thick and as large 
as 16 ft. square. 


Recapitulation 


Each of these separate products has 
or may have a direct relation to chemical 
engineering practice in one way or an- 
other. Plate glass and sheet window 
glass have long been used in chemical 
laboratory hoods and other equipment. 
Tempered glass, which is an especially 
heat-treated plate glass, due to its sev- 
eral times greater strength than the an- 
nealed product, may be used in many 
places where plate glass or window glass 
would have inadequate strength to 
afford protection. It has been used as 
the observation windows in wind tun- 
nels and similar equipment. Under the 
repercussion of explosions it is quite the 
most resistant of any of the transpar- 
ent materials. Laminated safety glass 
affords excellent protection against 
scattering of glass fragments and may 
be assembled in sufficient thickness to 
give effective protection against the 
penetration of 50 caliber armor-piercing 
bullets fired from a distance of 50 ft. 
Even heavier bullet-resistant glass has 
been built. 

Glass block offers many unique ad- 
vantages in the erection of air-condi- 
tioned or insulated structures, with full 
availability of natural light values, 
while Foamglas presents an entirely in- 
corrodable vermin-proof, vapor-tight 
thermal insulation which is essentially 
indestructible. 

The chemical and physical control of 
glass components and collateral finishing 
materials is exacting. All materials are 
analyzed chemically for purity and uni- 
formity of composition within close 


limits. Grain size of melting sand, lime 
or limestone and soda ash are carefully 


controlled. Rouge for polishing must 
have exact characteristics which may 
not vary beyond an established apparent 
density on a 1-in. cubic measure. And 
since nearly all the chemical elements 
enter in one way or another into many 
glass products, they are purchased to 
exacting specifications which are care- 
fully checked. Even the cars in which 
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materials are shipped must frequently 
be checked for freedom from extraneous 
contaminating materials. Heat exchang- 
ers are utilized to maintain the temper- 
ature of forming rolls at something 
below 700° F., even though in contact 
with molten glass at 2100° F., as well 
as in the control of autoclave temper- 
atures as previously noted, 


Strength of Materials 

It is likely that certain chemical 
engineers are interested in the strength 
of materials. This paper does not give 
an exhaustive discussion of the subject; 
and more complete data may be derived 
from published sales literature. How- 
ever, glass is a moody material and 
resents having its innards any more 
exposed to general view than may be 
unavoidable. It seems to feel that it 
is already sufficiently transparent 
to satisfy even the most critical scrutiny. 
It may therefore be truly said that no 
one really knows what the tensile 
strength of glass is. It varies from 
some 300,000 Ib./sq.in. on a tiny fiber 
one or two thousandths of an inch in 
diameter to a questionable minimum 
value on a thin flat plate of some 3,000 
Ib./sq.in.; and if one were to draw that 
300,000 Ib./sq.in. fiber between his 
fingers and test it again, the strength 
would have fallen to something of the 
order of 25,000 Ib./sq.in. In the testing 
of flat glass plates under modulus of 
rupture procedures, the mean average 
value proves to be about 6,500 Ib. /sq.in. 
of cross section, with a maximum of 
approximately 12,000 Ib./sq.in. and a 
minimum of 3,000 Ib./sq.in. depending 
upon the rate of loading. Small, in- 
visible surface flaws have an inordinate 
effect upon strength determinations. 

It seems to be well established that 
any square panel of annealed glass 1 in. 
thick will support a total evenly dis- 
tributed load of 21,000 Ib. and a safe 
factor for loading seems to be dependent 
upon the square of the thickness of the 
plate. This seems to be reasonably 
accurate for thicknesses up to 1% in., 
but less so for greater thicknesses. 

Tempering the glass by sudden 
quenching increases its strength many- 
fold. Glass always breaks under a ten- 
sile stress and the great increase in 
strength derived from tempering results 
from the fact that the outermost sur- 
faces have been put under relatively 
high compression while the neutral 
plane of the sheet has been placed under 
a correspondingly high tension. The net 
result is wn increase in the mean average 
modulus of rupture to some 29,500 Ib. 
sq.in. and of the minimum modulus to 
something approaching 24,000 Ib./sq.in. 
When this tempered glass breaks, it 
crumbles into rock candy like fragments. 
These fragments approach cubes of the 
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dimensions determined by the thickness 
of the glass. They more or less inter- 
lock and if securely held in a frame, 
tend to bind themselves in more tightly 
—if not held in a frame, the fragments 
tend to fly in the plane of the glass, 
never at an angle to that plane. 

Laminated safety slightly 
weaker than homogeneous annealed glass 
of the same over-all thickness simply 
because the sum of the strengths of the 
component glasses is less than the unit 
strength of the homogeneous piece. 
However, the resistance of the lami- 
nated glass to penetration by impact is 
materially greater than the impact re- 
sistance of annealed glass of the same 
over-all thickness. This is due to pres- 
ence of the plastic to interrupt the 
progress of the conical fracture of the 
glass from one plate to the next, thereby 
increasing the surface of impact and 
more widely distributing the load. 

Glass blocks are primarily intended 
for use in curtain walls or other non- 
load bearing applications. Because of 
the low conductivity of glass and the 
insulation value of the air space, they 
do to some degree afford a fire-resistant 
dividing wall. Underwriters’ Labora- 
tories, Inc. in their fire tests give glass- 
block panel a Class F rating. 

Foamglas is primarily an insulating 
material particularly adapted to low 
temperature applications between —350° 
F. and +800° F. The manuiacturer’s 
literature and specifications give the 
necessary installation details for all the 
various applications. It will readily 
sustain a well-distributed load of 20 
Ib./sq.in., but it may readily be cut to 
shape or size with an ordinary saw or 
a pocket knife without hazard of propa- 
gation of cracks beyond the point or 
line of contact. Its density is approxi- 
mately 9 Ib./cu.ft. with a specific grav- 
ity approaching .15 or less. 

Finally, glass in one form or another 
constitutes one if not the prime prere- 
quisite of modern education, develop- 
ment, research, and culture. Without it 
there would be no Mount Palomar 
telescope, no microscope, telescope, nor 
electron microscope. Spectacles upon 
which many will ultimately come to de- 
pend for any degree of vision would be 
an unknown commodity. Spectroscopy, 
bacteriology, synthesis, incandescent 
electric lights—and many more would 
still be the stuff of which dreams are 
made if it were not for glass and its 
many varied attributes. 

As the Glass Manual states glass is 
the “incomparable servant of man and 
all his possessions. Its future, and the 
future of man because of it, is beyond 
the power of imagination.” 
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Use of split flow is a fairly common practice for the attainment of low- 
pressure drops in commercial heat-transfer equipment. The geometry 
of a hot and cold stream in split flow provides a temperature difference 
arrangement which is neither counterflow nor parallel-counterflow as 
embodied in the common 1-2 exchanger of industry. The equation is 
derived here for the true temperature difference in split-flow exchangers 
together with methods for its use. It is also shown that the equation 
of Underwood which was derived for a 1-2 parallel-counterflow ex- 
changer is a special case of the more general split-flow equation. 


When the ratio of the true temperature difference for 1-2 parallel-coun- 
terflow to the logarithmic mean for counterflow is greater than 0.90 the 
true temperature difference in 1-2 parallel-counterflow and in split flow 
deviate by less than 10 per cent. Since the split-flow equation requires 
a rather lengthy trial-and-error solution this generalization permits a 
rapid calculation of the true temperature difference under the conditions 


noted. 


T HE most favorable utilization of the 
temperatures of two fluid streams 
for the promotion of heat transfer oc- 
curs when the streams are arranged in 
counterflow where the logarithmic mean 
temperature difference applies. For 
reasons either of mechanical construc- 
tion, to induce fluid turbulence or to 
prevent an excessive fluid pressure drop, 
commercial heat-transfer apparatus 
often must be designed employing heat 
and fluid flow patterns which deviate 
from counterflow. Bowman, Mueller 
and Nagle (1) published a comprehen- 
sive summary of the temperature differ- 
ence equations applying to numerous 
commercial heat flow patterns. They 
reduced the various equations to a con- 
venient and useful form involving the 
logarithmic mean temperature difference 
for counterflow and a temperature dif- 
ference factor Fy, which is a function 
of the parameters = (7, —T2)/ 
(tg—t,) and S = (tg —t,)/(7,—t) 
where 7, and 7, are the inlet and outlet 
hot fluid temperatures and ¢, and t, the 
inlet and outlet cold fluid temperatures. 
The factor Fy is defined for noncoun- 
terflow patterns as the ratio of the true 
temperature difference for a noncoun- 
terflow pattern to the logarithmic mean 
which would be obtained if the hot and 
cold fluids considered to be in 
counterflow. 

Typical noncounterflow patterns are 
encountered in heat exchangers having 
one shell pass and two or more tube 


were 
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passes as in (a) of Figure ! in which 
some of the tube passes are in parallel 
flow and some in counterflow with the 
shell pass, and in the various orienta- 
tions of crossflow exchangers. Solutions 
for the true temperature difference of a 
number of the cases for crossflow have 
not appeared in the literature so far 
although equations have appeared cover- 
ing the common patterns of parallel 
counterflow. 

A problem often arises in the design 
of equipment for gases at low and mod 
erate pressures or for unequal hot and 
cold liquid streams whose mean temper- 
atures differ greatly and whose film co- 
efficients are both high. It is often diffi- 
cult under such conditions to accomplish 
heat transfer in heat-exchanger shells 
within the limitations of a reasonable 
static pressure drop. One of the possi- 
bilities of accomplishing heat transfer 
with less pressure drop than is encoun- 
tered in the shells of conventional 
parallel-counterflow exchangers is 
shown by the split flow exchanger (b) 
of Figure 1. The pressure drop through 
the shell of an exchanger may be con 
sidered approximately in direct propor- 
tion to the length of path and in propor 
tion to the square of the mass velocity 
of shell-side fluid flow, that is when 
entrance, exit, direction pressure losses 
and changes in hydraulic radius are 
neglected. Jt may be assumed in split 
flow (b) that the halves of the fluid 
travel one half the tube length in a 
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conduit whose flow area is identical 
with that of the parallel-counterflow 
exchanger of Figure 1 (a). The result- 
ant pressure drop in (b) is therefore 
approximately only 4% that of (a). A 
study of the true temperature difference 
for this relatively important case has 
not appeared in the literature heretofore. 

Consider the split-flow exchanger as 
represented diagrammatically in Figure 
2. It may be considered to be the sum 
of two separate heat exchangers A and 
B having equal surfaces. By virtue of 
shell-side baffles the shell fluid may be 
considered mixed at any cross section at 
right angles to the longitudinal axes of 
the tubes. The inlet and outlet temper- 
atures of the hot fluid, flowing through 
the shell are 7, and 7, and of the cold 
fluid flowing through the tubes, t, and ¢, 
respectively. B in Figure 2 may be 
considered identical with a 1-2 parallel 
counterflow exchanger although A is 
not. The following assumptions apply 

1. Equal weight flow of shell fluid in 


A and B 
Constant specific heats for both fluids 
in both 4 and B 
Equal surface in all 
and B 

Constant and equal over-all coefh 
cients of heat transfer in 4 and B 
Shell fluid completely mixed at any 
cross section 

No partial phase changes 

No heat losses 

Let W the weight 
flows respectively of the hot and cold 
fluids in the shell and tubes respectively, 
C and c their specific heats and let J 
be the tube length. For the temperature 
notation reference should be 
Figure 2. Writing the heat 


passes and im 


and w represent 


made to 
balance 


[i Tt 


(a) 1-2 PARALLEL - COUNTERFLOW 
1. 


AL 


D SPLIT FLOW ExXChaNGER 


Fig. 1. 
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The solution of Equation (9) is then 
(10) 


= gye™" + g2e"™ 


where 


Ua” 
m, = Wwe (2+ A) 


Wwe 


= 


TEMPERATURES 


4 


of integration. 
IN SPLIT FLOW 


g, and gg are constants 
Evaluated when 


Fig. 2. 


around section 4 
changer 

4 
~g~(7,- 75) = 


of the split-flow ex- 


we( ty — ty + ts — ty) 
(1) 
Consider any cross section such as 
0 —0 in A and writing the heat balance 
around the right end of A 
WC 
5 


We (tg — ty! + tal! — ty) 


T,—T,) 
(2) 


Differentiating Equation for the 
increment of length dx of A between 
0-0 and 1—l’ 


2) 


(3) 


= we(dt,! —dt,") 
For heat transfer across the first pass 
only of A between 0 — 0’ and 1— I’ 
wedt,! = (4) 
where l is the over-all coefficient of 
heat transfer and a” is the square foot 
of external tube surface per foot of tube 
length. For the second pass only 


—wedt," = Ua"dx(T,—ty!) (5) 


Substituting Equations (4) and (5) in 
Equation (3) 
WC dT, 


Ua” dx 


= 47, —2(t,' + t,") 
Differentiating Equation (6) with re- 
spect to x, substituting Equations (4) 
and (5) in the result, and eliminating 
(ta! — ty’) and one obtains 
@T, Wa” dT, 

dx? WC dx 


‘ we 
| T3+2 


—(t, — 


x =Oand 7, =T; 

Substituting in Equation (7) 
ds, 4a” ds, 

dx? WC ds 


1 2 


-) =0 


and when 


*=-> and T, = 7, 


these become 


> we 
- Wwe 


emt 


+ (ts — [1 


we 
Wwe 


em L 


(T3 —T,) +2- — [1—em"/2] 


9: = > (12) 


L 


Determination of Mean Temperature Difference. Differentiating Equation (10), 
eliminating dz,/dx and dT,/dx to permit use of thermal temperatures alone and 
substituting values for m,, mo, g, and go above gives 


(m, — m,)L = 


~~ 


we 


Wwe 


—t)(A4+2) +t +t5—2Ts 


A] —7T, +2 
————_ 


(tj; (A—2) +t, + ts —2T (13) 


The total heat transferred in the section 
A of the exchanger is also defined by 
WC(T, — Ts) /2 = Ua" Lat, 

(14) 
where Af, is the mean temperature dif- 
ference in section A. From the values 
of m, and mz, 

(m, — my) L = 2Ua",~L/WC 

(15) 


Equation (9) is a linear differential 
equation with constant coefficients and 


may be rewritten in terms of an oper- 


ator. Then 


Wwe 


“ae 


Eliminating 2Ua”L/WC between Equa- 
tions (14) and (15) 
(m, — = A(T, — Tg) 
(16) 
Eliminating (m—m,)L between 
Equations (13) and (16) gives 


A(T, — T3)/2 
we 


meL/2 WC 


(ts — (A+ 2) +t, + ts —2T 


We 4) +h +t (17) 
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then 
if 
x0 
~(2—A) 
hep 
| | | 

Ua" [ / 
m=——-| 2+ 4/ 4+ 
q WC L we 
Let 
WC\? 

A= A/ 4+ 
a” we j 

=0 (7) At, = 
Ty — Ty + 2a (ts — th) 
dx dx dx? dx? 
~ : 


In Equation (17) it is still necessary to 
Ua"L 
wc 


L 
evaluate mg 


Eliminating 


between m, and Equation (14) 
—m_L/2 = (T,— T3)(A/2 — 1) /2dt, 
(18) 


Equation (17) is perfectly general and 
by solving Equation (1) for 7; — Ty, 
and setting tg = t,, it reduces to Under- 
wood’s (2) solution for the 1-2 parallel- 
counterflow exchanger. Thus, Under- 
wood’s solution is but a special case of 
a more general expression as defined 
by Equation (17). A heat balance 
around both 4 and B results in 


we/WC = (T, — T,)/(ts—t)) =R 

(19) 
Eliminating we/WC in A and in Equa- 
tion (19) 

V 
R 

Since the shell fluid mass rate is the 
same in section A and section B 


T:+Ts = 27, (20) 


The heat load in section A, Q,, is given 
by the fundamental equation of heat 
transfer where A is the total surface in 
the exchanger. 


QO, = UAAt,/2 = WC(T, —T3)/2 
(21) 
And the heat load in section B, Op, is 
given by 
Og = UAAtg/2 = WC(T, /2 
(22) 
Since A and B contain equal surface 
and the coefficient of heat transfer is 
considered constant and identical in 
both, elimination of UA/2 between 
Equations (21) and (22) results in 
Op/Q4 = =n 
= (T, —T2)/(7T, —Ts) (23) 


nm expresses the ratio of heat load and 
mean temperature difference between 
section B and section A which are na- 
turally in direct proportion. Eliminating 
T, between Equations (20) and (23) 
and solving for T; 


= (27, + (n — 1)T,)/(n +1) 
(24) 
and 
T, — Ts = 2(T, — Ty) /(n +1) 
(25) 
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The weighted mean temperature differ- 
ence, At, for the entire exchanger is de- 
fined by 


at = On 


+ 


temperatures T,, t,’ and t,". These 
may be obtained with the aid of Equa- 
tions (14) and (17) by replacing 7, 
by 7,. Then assume an incremental 
change dT, in T, and obtain At,. For 
a small increment the true temperature 
difference on each pass may be assumed 
to be identical with the logarithmic 
mean between the terminal temperature 
differences of the shell temperatures and 
the individual passes. By assuming the 
final value of T, for the increment the 
final values of t,’ and t,/ may be ob- 
tained by trial and error such that the 


(26) 

Simplifying Equation (26) through use 
of Equations (21), (22) and (23) 

At = At,(m+1)/2 (27) 

Substituting Equations (18), (19), 

(24), (25) and (27) in Equation (17) 


and employing only terminal tempera- 
tures one obtains 


ait = 
A(T, —T,)/2 
In n+1 n+l 
(T, —T,)Q—2) +t, [47,4 +1) 
(28) 


Use of Equations. While Equation heat balances and the weighted temper- 
(28) is the over-all py for the ature differences in A check. By con- 
exchanger it is a ot wer on -_ tinuing the procedure from + = 0 to 
it contains two unknowns, Af and n. = 1/2 values of t, and ty can be 
a value of m is assumed then Af may 

obtained. 


be calculated and At, is obtained from . ; 
This refinement is rarely necessary, 


however, because ft, and ft, can be ap- 
proximated by an extension of the J 
method described here to the entire | 
exchanger, A. By assuming that the J 
logarithmic mean temperature differ- 
ence for each pass of A as determined 
for the terminal temperatures of A is 
identical with the true temperature dif- 


At, = 2at/(n +1) (29) 


and 
O4 = Q/(n+1) 


From Underwood's equation Af, is 
given by the usual equation for 1-2 
parallel-counterflow 


V (T, — + — te)? 
Ty + Tz — te + V (11 — + (ty — te)? 
+ (tg — te)? 


At, = 


In, 
Ty 


ference for that pass, then if 
greater than ft, 
t, + fQO/we(n + 1) 


(1—f)O/we(n +1) 


in which ¢t, and ft, are unknown as well 
as Atg. Furthermore two possibilities 
exist concerning ft, since it lies directly 
under the hot shell inlet. It may be 
greater or less than ¢, depending upon 
the closeness of the approach or cross 
of 7, and ts. In order that t, and t, 
may be obtained for the solution of At, 
it is first necessary to calculate the heat 
transferred in each pass of 4 which in 
turn is dependent upon the respective 


te = 
= 


where f is the fraction of Q, trans- 
ferred in the lower tube pass of A. The 
balance on A for the individual tem- 
perature differences is 


£Q4/Star + (1 — f)Q4/Atan 


In terms of the assumed value of n 


O4/Ata 


—fQ/we(n +1) 
in, [T, — t, — fQ/we(n + 1 — 


Ts + (1 — f)Q/we(n + 1) 
Ine[T, — ts + (1 — f)Q/we(m + — ts) 
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The error introduced by the use of 
approximated values is small since 
there is less heat transferred in the 
upper pass having the closer approach 
to the shell outlet temperature. If t, is 
greater than ¢, heat must be recovered 
from the cold fluid while it travels 
through the hot pass. Let F be the heat 
removed from the hot pass for which 


te = t) + O/we(n + 1) + F/we 

& = F /we 
The heat balance on A for the indi- 
vidual temperature differences is 


On 
Mar Man 
(30) 
and 
Af = T, Ts — O/we(n +1) F /we 
in, — — O/wein + 1) 
— F/we|/(T3 — t) 
and 
T, — F/we 
Atay = 
In — ts — Ts — ts) 


Having calculated f or F by trial and 
error, fy and t, may also be computed 
and from them the value of At, is ob- 


tained by Underwood's equation. Ap- 
plying the over-all balance 
O/At = + Op/Aty 
(31) 


If Equation (31) checks, the proper 
value of m has been assumed and Af is 
the value which was calculated from 
Equation (28) for the assumed value 
ot n. 


Numerical Solution. 4000 \b./hr. of a 
hot fluid (specific heat = 0.5) at 250° F. 
are cooled to 150° F. in the shell of a split- 
flow exchanger by 5000 Ib./hr. of a cold 
fluid (specific heat = 1.0) which is heated 
from 100 to 140° F. The question is what 
is the true temperature difference for split 
flow 


1. Assume 
n = 0.9, At = 59.0° F. 
105,200 B.t.u./hr., 
94,800 B.t.u./hr. 
2. Ata = 62.2° F. from Eq. (29) 
3. =F = 38,000 B.t.u/hr. from Eq. (30) 
4 t 128.6° F., ts = 147.6° F. 

T: = 155.2° F. from Eq. (23) 
5. Atg = 51.2° F 

equation 


from Eq. (28) 


On 


from Underwood's 
6. From Eq. (31), At = 59.0° F.. checks 
closely the value obtained from At, and 


\t» substantiating the assumed value o* 
09 


Conclusion. The logarithmic mean 
temperature difference for counterflow 
is 76.2° F. For a 1-2 exchanger the 
temperature difference factor Fy is 0.86 


and the temperature difference is 
65.5° F. compared with 59.0° for split 
flow. For most practical problems 
when Fy for a 1-2 exchanger is 


greater than 0.9 the influence of the 
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hot shell inlet temperature occurring at 
the middle of the tubes is not severe and 
some time may be gained at the ex- 
pense of accuracy by calculating split 
flow as 1-2 parallel-counterflow. 


Notation 

A= total surface in exchanger, 
sq. ft. 

a” = external surface per linear unit 
of tube, ft. 

C = specific heat of hot fluid, B.t.u., 
(Ib.) (° F.) 

c = specific heat of cold fluid, 
B.t.u./(Ib.) (° F.) 

F = heat removed from hot pass of 
cold fluid in 4, B.t.u./hr. 

Fy, = temperature difference factor. 


dimensionless 
f = fraction of heat transferred 
from cold pass in 4 


Iw Ge integration constants 
= tube length, ft. 
My, My integration constants 


n = ratio of Og/Q,4, dimensionless 

Q = heat transferred, B.t.u./hr. 

heat transferred in A and B, 
B.t.u./hr. 

R = ratio we/WC, dimensionless 

T, = hot fluid temperature in A, °F. 


t,! cold fluid temperature in cold 
pass of A, ° F. 
t,” = cold fluid temperature in hot 


pass of A, ° F. 
T, = hot fluid inlet temperature, ° F. 


T, = hot fluid outlet temperature 
from B, ° F. 
T; = hot fluid outlet temperature 


from A, ° F. 

T, = combined hot fluid outlet tem- 
perature, ° F. 

t; = cold fluid inlet 

ty = cold fluid temperature at outlet 
of cold pass in A, ° F. 

t, = cold fluid temperature at end 
of B, ° F. 

t, = cold fluid temperature at inlet 
of hot pass in A, ° F. 

t; = cold fluid outlet temperature, 

af = true temperature difference for 
split flow, ° F. 


temperature, 


At, = mean temperature difference, 
F. 
Mar 
Atay, = logarithmic mean temperature 
difference for first pass 
and second pass of A re- 
spectively, ° F. 
At, = true temperature difference for 
1-2 parallel-counterflow ex- 
changer, ° F. 
U = over-all coefficient of heat 


transfer, B.t.u./(hr.) (sq. it.) 
= weight flow of hot fluid, Ib. /hr. 
w= weight flow of cold fluid, 
Ib. /hr. 
distance along tube, ft. 
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£4 = equation defined by (8) 
equation defined after equation 


(19) 
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Discussion 


K. A. Gardner  (Griscom-Russell 
Co.): I think that some of the fright 
resulting at the sight of this equation 
can be removed by putting it in terms 
of the same dimensionless temperature 
ratios that Underwood and Nagle used 
originally and making simple correc- 
tions above which the logarithmic M7D 
is multiplied, which is the common pro- 
cedure for other than counterflow heat 
exchanges. There would be considerable 
work involved for the fellow who does 
it, but once it is done, there it is and 
a cinch to use. 

D. Q. Kern: Of the limited number 
of preprints available, about some 50 
people wrote in. Of that number, I 
would say, a good fraction wrote in and 
asked why it hadn't been put in terms 
of R and S or R and K parameters. The 
answer is simply that having tested it, 
I never had the time in which to do it 
myself. However, if you would like 
to, I would have no objection to your 
picking it up at that point and setting 
it within those parameters. You see, you 
have to have three parameters no matter 
how you work it, I’m quite certain, and 
that will not lead you to the same type 
of graph. 

Anonymous: Why ? 

D. Q. Kern: Because you still have 
one additional condition that has to be 
solved on the intermediate temperature 
and at least in probing for it it doesn’t 
drop out reacily. 

K. A. Gardner: You have one inlet 
temperature and one mixed outlet tem- 
perature on the shell fluid and you have 
one inlet temperature and one outlet 
temperature on the tube fluid, and by 
taking I think R, which is 


to— ty 
and P which is 
te — ty 
Ty 
they are the common parameters—I 


think it can be done in that way. The 
other one has to drop out somehow. I 
don’t say that it will be easy to make 
it but I think it will turn out that way. 


(Presented at 
Swampscott, Mass.) 


Boston Meeting, 
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KANSAS CITY MEETING 


TECHNICAL PROGRAM 


WILLIAM W. NIVEN, JR. 


Midwest Research Institute, Kansas City, Missouri 


HE Midwest meeting will get under 

way in Kansas City Sunday, May 
13, with registration and an informal 
complimentary buffet snack for regis- 
trants and their wives, entitled “Kansas 
City Greets You.” Be sure to come in 
time to meet old friends and make new 
ones at this occasion. 

The programs for Monday through 
Wednesday will include four technical 
and two nontechnical symposiums, two 
sessions of general subjects, and one 
evening devoted to “bull sessions” on 
five different topics. Abstracts of the 
papers will be furnished in advance to 
Institute members. 


Program and Sessions 


Symposium: Reaction Kinetics 


This symposium will be presented 
Monday morning, May 14, with Bernard 
W. Gamson of the Great Lakes Car- 
bon Corp. presiding. The kinetics of 
physical mass transfer, as applied to 
gases in single-phase laminar flow 
through granular beds, will be discussed 
by Merk Hobson and George Thodos of 
Northwestern University. Richard Bar- 
tholomew and Donald Katz of the Uni- 
versity of Michigan will report on stud- 
ies of heat-transfer coefficients to fixed 
fluidized beds, wherein the bed materials 
consisted of sand, aluminum, and cal- 
cium carbonate particles fluidized by air. 
A study of the steady-state heat trans- 
fer between solid and gas in fixed and 
fluidized beds will be reported by Jacob 
Eichhorn arid Robert R. White of the 
University of Michigan, as a function 
of particle size, gas velocity, and gas 
properties. The design problem of pre- 
dicting conversion as a function of cata- 
lyst bed depth in fixed-bed reactors is to 
be discussed by R. W. Schuler, V. B. 
Stallings, and J. M. Smith of Purdue 
University. 

J. F. Maurer and C. M. Sliepcevich 
of the University of Michigan will re- 
port on a study of the effect of pressure 
on the catalytic dehydration of butanol-1. 
A study of fundamental kinetics of indi- 
vidual early-stage phenol-formaldehyde 
condensation reactions will be reported 
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Walter W. Deschner, chairman of 
Program Committee. 


by F. C. Stults, R. W. Moulton, and 
Joseph McCarthy of the University of 
Washington, and a discussion will be 
presented of the applicability of these 


Below: The Jayhawk Works of the Spencer Chemical Co. near Pittsb 
Produces ammonia and other products for industry and ammonium elesate ford 


and spensol solutions for agriculture. 


data to continuous-flow tubular conden- 
sation reactors, Finally, the rate of high- 
pressure catalytic formation of methane 
from carbon monoxide and hydrogen 
will be discussed by John A. Pursley, 
Robert R. White, and Cedomir Sliep- 
cevich of the University of Michigan. 


Symposium: Safety in Chemical Plant 
Operations 


The safety symposium, with Matthew 
M. Braidech of the National Board of 
Fire Underwriters presiding, will run 
concurrently on Monday morning with 
the Reaction Kinetics Symposium. Dis 
cussions relative to the rolls of manage 
ment, the safety engineering, and the 
chemical engineering in a successful 
Satety program will be presented by 
Harold L. Miner, formerly with tine 
Du Pont Co., F. A. Van Atta of the 
National Safety Council, and George 
Armstead, Jr., consulting chemical engi 
neer. James J. Duggan of Carbide & 
Carbon Chemicals Corp., will review 
fire and explosion protection in hazard- 
ous operations, Ample time is scheduled 
for what is hoped will be informative 
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Monday Afternoon 
W’. E. Lobo, presiding 


The Application of Radioactive Trac- 
ers to Diffusional Operations.— 
H. E. Hughes, C. F. Brown Co., and 
J. O. Maloney, University of Kansas 


Continuous Extraction in a Multi- 
stage Mixer Column.—J/. Y. Old- 
shue, Mixing Equipment Co., and J. 
H. Rushton, Illinois Institute of Tech- 
nology. 


Pressure Loss in Centrifugal En- 
trainment Separators Under 
Vacuum.—E. A. Lawrence, Colgate- 
Palmolive-Peet Co. 


Low Temperature Vapor-Liquid 
uilibria.—George Brown, North- 
western Technological Institute. 


Product Distribution in Catalyzed 
and Uncatalyzed Batch Hydration 
of Ethylene Oxide.—/’. S. Davis, C. 
E. Van Waaden, and F. Kurata, Uni- 
versity of Kansas. 


GENERAL SESSIONS 


Tuesday Afternoon 
J. O. Maloney, presiding 


The Use of Brazing Aluminum in 
Heat Transfer Equipment.—H/. C. 
Rooks, Trane Co. 


The Mechanics of Fluidization.— 
W. W. Niven, Jr.. Tage A. Morten- 
sen, and Albert V. Malone, Midwest 
Research Institute. 


Bubble-Plate Efficiencies in Ethanol- 
Water Fractionation._G. Shil- 
ling, G. H. Beyer, and C. C. Watson, 
University of Wisconsin. 


The Corn Wet Milling Industry— 
Developments in the Wet Starch 
Process.—Kobert C. Reck, Corn Pro- 
ducts Refining Co. 


The Corn Wet Milling Industry— 
Developments in Dextrose Refin- 
ing.—W. S. Dougherty, Corn Pro- 
ducts Refining Co. 


Monday Night 


On Monday evening five bull sessions 
are scheduled. Subjects of informal dis- 
cussion and the respective leaders are 
as follows : 


The Roll of the Research Institute 
and University in Industrial Re- 
search.—C. N. Kimball, Midwest Re- 
search Institute. 


Methods of Selecting and ni 
Management Timber.—!i’. 7. Nich- 
ols, Monsanto Chemical Co. 


Applying the Dollar Sign to Process 
Development. Kk. A. Kinckiner, 
Du Pont Co. 


What Changes Can the Engineering 
College Make in its Curriculum to 
Help Graduates Most?—¥. C. Ernst, 
University of Louisville. 


What Is Your Plant Doing About 
Industrial Waste Disposal?— 
R. D. Hoak, Mellon Institute. 


discussion of the papers and the general 
subject of safety. 


Symposium: Light Hydrocarbons 


This Tuesday morning symposium, 
with Harold Legatski of Phillips Petrol- 
eum Co. presiding, will consist of four 
papers. Forrest E. Gilmore and Robert 
D. Bauer of Phillips Petroleum Corp. 
will discuss the recovery of liquids from 
catalytic cracking. A review of modern 
advancements in Hypersorption design 
will be given by Clyde Berg of the 
Union Oil Co. The recovery of sulfur 
from hydrogen sulfide, as discussed by 
Bernard W. and Robert H. 
Elkins of Great Lakes Carbon Corp., 
should be of particular interest in view 
of current sulfur shortages. An explan- 
ation and corrections for the corrosion 
problem in amine systems for gas- 
sweetening will be presented by K. L. 
Hujsak, G. R. Davis and E. C. Carlson 
of the Stanolind Oil and Gas Co. 


Gamson 


Symposium: The Effect of Company 
Finances on Engineering Expansion 


This symposium, also scheduled for 
Tuesday morning, will be in the form 
of a stockholders’ meeting for the pur- 
pose of discussing and voting on a pro- 
posed expansion program. Using as a 
hypothetical case an expansion to cover 
the production of sulfur from hydrogen 
sulfide in fuel gases, the meeting will 
show what information must be consid- 
ered by an administrative board in its 
decision to authorize a project. 
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Here is an opportunity for all attend- 
ants at the symposium to be “stock- 
holders.” John R. Riley, Jr., of the 
Spencer Chemical Co., will act as 
“president.” Viewpoints to be covered 
and the respective “vice-presidents” are : 
Financial—John P. Miller, Spencer 
Chemical Co.; Sales—Samuel 
Nevins, Mathieson Chemical Co.; 
Production—Loren P. Scoville, Jeffer- 
son Chemical Co.; Research and Devel- 
opment—C. C. Crawford, Phillips 
Petroleum Corp. 


Symposium: Petroleum Refining 


R. M. Cash of the Standard Oi] Com- 
pany (Indiana) will preside over the 
Wednesday morning symposium on 
petroleum refining. Metals-poisoning of 
fluid cracking catalyst will be the subject 
of a discussion by B. J. Duffy and H. M. 
Hart of Standard Oil Company (In- 
diana), to be followed by a discussion 
of the regeneration characteristics of 
cracking catalyst by G. M. Webb and 
M. J. Den Herder, also of Standard of 
Indiana. 

High-vacuum distillation and 
thermal cracking or visbreaking of 
high-vacuum residuum will be dis- 
cussed by J. G. Allen, D. M. Little, and 
P. M. Waddill of Phillips Petroleum Co. 
Catalytic high-pressure hydrogenation 
of crude shale oil will be reported by 
M. G. Pelipetz, M. L. Wolfson, and 
E. L. Clark of the Bureau of Mines. 
John G. Ditman of the Foster Wheeler 
Corp. reports on the stepwise extraction 
of asphaltic residue with propane in 


the 
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comparison with countercurrent extrac- 
tion. 


Symposium: Ammonia Synthesis 


The symposium on ammonia synthesis 
scheduled for Wednesday afternoon is 
of particular significance to the in- 
creasingly fertilizer-conscious Midwest. 
Homer Kieweg of Commercial Solvents 
will preside. H. A. Tuttle of Chemical 
Construction Corp. will discuss several 
considerations pertaining to ammonia 
synthesis, including the use of hydro- 
carbon gases and the choice between 
thermal cracking and catalytic reform- 
ing. W. W. Yeandle and G. F. Klein 
of Spencer Chemical Co. will review the 
necessity for high-purity synthesis gas 
mixtures and the commercial processes 
for attaining purification. Various am- 
monia synthesis converters operating in 
the range of 350 atm. will be compared 
by L. B. Hein of the Tennessee Valley 
Authority. High-pressure (1000 atm.) 
ammonia synthesis will be discussed by 
H. L. Thompson, Mississippi Chemical 
Corp., Pierre Guillaumeron, L'Air Li- 
quide Societe, and N. C. Updegraff of 
the Girdler Corp. 

li, as expected, sufficient interest is 
found at the meeting, a bull session will 
be scheduled for Wednesday evening to 
permit further discussions of ammonia 
synthesis. 

Visitors to these should 
come prepared to participate actively in 
the discussions. 


sessions 


(Continued on page 44) 
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Resin Producer Ends Contamination-Speeds Drying 
-Saves $40,000 A Year with Louisville Dryer 


$1.42 per 100 Ib. 
(spoce required, 2,000 sq. ft.) 


(spoce required, 900 sq. ft.) 


Ask for new treatise on subject of rotary dryers 


Other General American Equipment: 
Turbo-Mixers, Evaporators, Thickeners, 
Dewaterers, Towers, Tanks, Bins, 

Filters, Pressure Vessels 


Sometimes the cheapest drying methods are the most expensive! 

Take the case of this producer of synthetic resin for plastics. 
His situation was studied by a Louisville engineer who 
uncovered this fact: by investing more money in a Louisville 
Dryer—especially designed for the job—savings would more than 
write off the cost of the new equipment in less than 2 years. 

In addition, total enclosure of the material to be dried would 
mean no contamination from airborne dust, dirt. 
Speeded-up drying time improved product quality. 

Tests in our own research laboratories and pilot plant 
predetermined the performance of this custom-built dryer. 
Have a Louisville engineer survey your drying methods. 

No obligation. Write today. 


Louisville Drying Machinery Unit 
Over 50 years of creative drying engineering 
GENERAL AMERICAN TRANSPORTATION 
CORPORATION 


Dryer Sales Office: Hoffman Bldg., 139 So. Fourth Street 
Louisville 2, Kentucky 
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DEATIVE 
4 aa tee 
KNOW THE 
| RESULTS | 
before you buy! 
LOUISVILLE DRYER | g 
Drying time... 2S minutes 
Drying cost.............-$0.415 per 100 Ib. } 
| ALONE... 810,000 
AL/ 
i General Offices: 135 South La Salle Street, Chicago 90, Illinois 
TRADE WARK Offices in all principal cities 
Page 19 


WHITE SNOWBOUND SPRINGS 


OWARD the end of the recent 

White Sulphur Springs meeting, 
one of the visiting chemical engineers 
looking out at the beauty being created 
by a surprise March snowstorm re- 
marked that “the weather committee and 
the scenery committee had an argument, 
and the scenery committee won.” 

Such was the case, for the outstanding 
beautiful grounds of The Greenbrier 
Hotel, where the Institute met March 
11-14 as guests of the Charleston (W. 
Va.) section, were made even more at- 
tractive by a calm six-inch snowfall 
which began on Tuesday of the meeting 
week. Acres of shrubs, trees, and lawns 
lent themselves to views that had all 
cameras clicking—fit subjects for next 
season’s Christmas cards. Prior to the 
snow, the 600 chemical engineers had 
several days of vernal weather for 
sparetime golf, riding, and casual strol- 
ling, and though the snow halted most 
outdoor sports, complaints were not 
forthcoming—for the hours spared from 
an outstanding technical program were 
well filled by an active entertainment 
committee. 

The continuing experiment of the 
A.L.Ch.E, program committee to hold at 
least one resort-type meeting a year, be- 
gun in 1948 at French Lick, and con- 
tinued last year at Swampscott, proved 
its value again. The experiment at this 
meeting was multiple. A minimum of 
papers was offered by the program com- 
mittee, and authors were alloted an hour 
and a half for presentation and discus- 
sion. A single theme connected each 
presentation, that of the relationship 
between pilot-scale and commercial 
chemical engineering equipment. An- 
other feature, an innovation, was the 
availability of preprints of all articles. 
Put up in book form, the preprints were 
sold for $2.50, and made available ahead 


The group 
part of the group that attended. 


of the meeting. All events combined to 
produce thoroughgoing technical ses- 
sions. Authors had sufficient time to 
present and explain their themes to an 
audience already familiar with the writ- 
ten paper. Discussion followed the same 
pattern, with an informed audience 
seeking and getting answers. The tech- 
nical pace, while more leisurely, was 
also more thorough. 


All those interviewed during the stay 
at The Greenbrier were firm in the 
opinion that the meeting had more than 
proved its value. Postmeeting-informa- 
tion sessions were held in comfortable 
meeting rooms and lounges, and since 
all the engineers were under one roof 
and eating in one dining room, friends 
and associates were accessible for con- 
ferences. 


turned out en masse for the Greenbrier Derby, and shown here is a 


Behind the scenes of the C4 in projection booth. Left: William 


Worsham, Greenbrier Hotel, who 


and slides. Right: William Van V. Bacon, Food Machin 


d charge of sound and projection on movies 


& Chemical Corp., 


S. Charleston, who helped with the tape recorders, shown in front of him. Record- 
ings were made directly from the control board of the public address system. 


Preprints of the symposia are still 
available from the Institute and can be 
purchased for $2.50 by addressing the 
Secretary at 120 East 41st Street, New 
York 17, N. Y. All nine articles are 
included. 

The award for the best presented 
paper at the meeting was won by Pro- 
fessor J. H. Rushton of the Illinois 
Institute of Technology. 


Entertainment 


The local committee to insure even 
more sociability than already fostered 
by the surroundings, planned two 
parties. The first was an informal cock- 
tail party held Sunday evening before 
dinner. The second event was the 
“Greenbrier Derby” featuring movie 
projected horse races. Each person was 
presented with a sum of play money on 
entering the room, and wagers could be 
made on eight different horses. Those 
fortunate enough to have a “bank-roll” 
after the fourth race, could then bid on 
prizes which were auctioned off. 

In addition to those get-together par- 
ties, bridge and canasta games were 
featured each evening. 

The chemical engineers were wel- 
comed by A. B. Stiles of Du Pont Co. 
and chairman of the Charleston Section 
of A.LCh.E. In his introductory re- 
marks Mr. Stiles laid stress on the 
natural resources of the Kanawha 
valley and the chemical industry that 
had grown there as a result. At one 
point of his address he said, 


An indication of the tremendous quanti- 
ties of the raw materials in this reserve, we 
shall sight a few data taken from the Geo- 
logical survey of West Virginia. 120 billion 
tons of coal in the four better seams of 
coal; 13 million barrels of oil; gas—one- 
half trillion cubic feet; salt brine—800 mil- 
lion tons. Coal is our chief resource, and 
there are in reserve in the five better seams, 
sufficient coal to last at the present mining 
for over 800 years. In addition to this 
quantity of coal there is located in lesser 
seams at least an additional quantity which 
should be made available by underground 
gasification methods. 

In addition to fuel, it is also necessary 
for the chemical industries to have abun- 
dant water supply and the Kanawha River 
fills this need. The Kanawha is and was 
important to the industrial rise of the 
Charleston area, as it first provided access 
to the area, and later provided water power 
and transportation for the raw materials 
and products of the manufacturing com- 
munity. 

(Continued on page 22) 
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HOW HOT IS HOT? 


‘To meet the requirements of today’s high-temperature 
processes, ALCOA Aluminas are helping refractory 
manufacturers revise our concept of “how hot is hot.” 
Operating temperatures that were once inconceivable 
are common today. Yet new processes and speeded 
production are pushing even those temperatures higher 
and higher. 

Modern operators are using refractories fortified with 
ALCOA Alumina to increase the output of their metal- 
lurgical furnaces, chemical processing kilns, glass tanks 
and other high-temperature equipment. They know 
that these refractories considerably reduce down time! 
And down time costs more than good refractories. 


Even at moderate temperatures, a liale ALCOA 
Alumina in refractories makes a marked difference, but 
the higher the alumina content, the better the performance. 
Strength and stability are improved . . . resistance to 
spalling, abrasion and fluxing is increased . . . thermal 
and mechanical shock resistance is improved. Such 
refractories are being successfully used up to 3650° FP. 

Perhaps refractories fortified with ALCOA Alumina 
are the answer to your extra high-temperature re- 
quirements. Let us discuss them with you. We'll gladly 
refer you to reliable sources of supply. Write to: 
ALtuminum Company or America, Cuemicats Divi- 
ston, 605p Gulf Building, Pittsburgh 19, Pennsylvania. 


oMeoa Chemical 


ALCOA] ALUMINAS and FLUORIDES 


ACTIVATED MLUMIMAS - CALCINED ALUMIMAS - HYDRATED 


TABULAR 
FLUORIDE - FLUORIDE - 
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CONSULT ANSUL’S STAFF 
of trained and experienced 
Chemical Engineers. 

If you have a problem or 
process involving acidifying, 
neutralizing, bleaching, pre- 
serving, dechlorinating, reduc- 
ing, deoxidizing, etc., Ansul’s 
Engineers can be of service 
to you. 

Call on them for assistance, 
without cost or obligation, 


CHERRIES 


ETROLEUM 
propucts 


Ansul’s Technical Service gives you the ben- 
efits of improved process efficiencies and 
lity control when using Ansul Liquid 
Sulfur Dioxide. 
New uses of liquid sulfur dioxide are con- 
tinually being developed. It’s HIGH PUR- 
ITY, GREATER ECONOMY, AND EASE 
OF CONTROL provide a versatile and 
effective chemical to a great variety of 
industries. 
To compliment the availability of liquid 
sulfur dioxide, Ansul has cataloged years of 
experience and research to provide a com- 
plete technical service covering present and 
potential uses of SO, in industry. 
Write for File No. 302 and ask for specific 


information concerning your own applica- 
tion. 


ANSUL 


MICAL COMPANY 


CHEM DIVISION, MARINETTE, WISCONSIN 
60 42nd St. Mew York Lincoln Liberty Bldg Breed & Chestnut St Philedeiphie 7 Ps 


$O MaNUFACT OF REFRIGERANTS REFRIGTRATION PRODUCTS AND DRY CHEMICAL FIRE EXTINGUISHER 
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J. B. Jones, 
Pont Co., Inc., 
mere, Del, 
senting his 
in No 4 


Du- 
Els- 


J. H. Rushton, 
Illinois Institute of 
Technology, Chi- 
cago, won the 
award for the best 
presented paper. 


W. R. Marshall, 
Jr., University of 
Wisconsin, Madi- 
son, discussed 
paper by Blank 
and Zamzow, at 


great length. 


R. B. MacMul- 
lin, R. B. MacMul- 
lin, Associates, Ni- 
agra Falls, discuss- 
ing paper pre- 
sented by J. A. 
Kenney, on “Fil- 
tration.” 


. R. Ambler, 
Sharples 
iladel 


delphia. 


Emanuel Singer, 
Shell Develop- 
ment Co., Emery- 
ville, Calif, de- 
fine paper 


Catalytic 
actor.” 
(Continued on 
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ENERAL, 


GENERAL ‘AMERICAN TRANSPORTATION CORPORATION 


There's no such thing as an “off-the-shelf” Turbo-Mixer. While leading firms every- 
where use “Turbos” for mixing liquids with liquids, solids and/or gases, every one, 
without exception, was planned for the job it does. 

Permanent peak production usually requires continuous duty. All Turbo-Mixers are 
designed with ample safety factors for 24-hour service. 

Often pilot plant or laboratory models are needed. Turbo-Mixer engineers specialize 
in the design of such units for extrapolation purposes. 

For dependable, custom-built, controlled agitation— 


Turbo-Mixer 


Turbo-Mixer equipped antibiotic fermenters Part of an installation of Turbo Hydrogenators 
at the Upjobn Company, Kal. » Mich. at Armour & Company, McCook, Lil. 


SALES OFFICE: 10 EAST 49th STREET, NEW YORK 17, NEW YORK 
General Offices: 135 South La Salle Street, Chicago 90, Illinois . 


Offices in all principal cities 
OTHER GENERAL AMERICAN EQUIPMENT: — DRYERS * EVAPORATORS * THICKENERS 


DEWATERERS * TOWERS * TANKS * BINS * FILTERS * KILNS * PRESSURE VESSELS 
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White Snowbound Springs 


(Continued from page 22) 


Mr. Stiles described the first large in- 
dustry in the valley which began in 
1797; that of concentrating salt brines 
from salt springs to make salt for the 
area west of the Allegheny Mountains. 
This enterprise declined after 75 years, 
but left behind many solid technical ad- 
vances, he asserted, and one of these was 
the technique of well-drilling. Salt pro- 
ducers had drilled to a depth of 1700 ft. 
as early as 1845, and the methods that 
they worked out were used by Colonel 
Drake in bringing in the first oil well. 

A trust which the salt producers 
formed, Mr. Stiles continued, sponsored 
the development also of a grate to burn 
coal used to produce the heat for con- 
centrating the salt, “and the first mul- 
tiple-effect evaporators were in opera- 
tion in the valley as early as 1833, eight 
years before its known use anywhere 
else in the world.” 

“Here too,” he said, “bromine was 
produced from brines, and a production 
of 30,000 Ib. per vear were recorded as 
early as 1868.” 


Toward the end of his talk Mr. Stiles 
touched on products being made at 
present in the Kanawha Valley. Mr. 
Stiles contrasted the defunct salt indus- 
try, with the present prosperous chem- 
ical industry which utilizes the abun- 
dant raw materials. He said: 


There is now located in the Kanawha 
Valley a diversity of chemical industries 
producing materials which are _ sold 
throughout the world. The General Food 
Machinery Co. produces from salt brine 
chlorine, caustic soda and related products 
by electrolysis. This plant is reported to 
have under a single roof the largest number 
of chlorine cells anywhere in the world. The 
natural gas which was such a boon to the 
original salt manufacturers has been the 
backbone of the ceramic, lead oxide, and 
other chemical industries. The largest plate 
glass plant in the world, and one of the 
largest bottle plants are located here. Na- 
tural gas and petroleum are the raw mater- 
ials from which ethylene glycol, ethanol, 
acetone, and a host of derivatives are pro- 
duced by Carbide & Carbon Chemicals 
Corp. Coal is the basic material from 
which duPont produces ammonia, meth- 
anol, nylon, and many other chemicals 
which were once rare or unknown 
Other industries which are utilizing abun- 
dant resources are the American Viscose 
Co., Monsanto Chemical Co., Ohio-Apex 
Co., Goodrich Rubber Co., Pure Oil Co., 
and the Elk Refining Co 


Top left: T. H. Chilton, President, A.I.Ch.E., and Mrs. Chilton. Top right: D. S. 


Bruce, Hercules Powder Co., Parlin, N. 
Ford, National Carbon Div., eet 
DeLong, Treasurer, A.I.Ch.E 


Mrs. Gunness. 
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. and Mrs. Bruce. Middle left: C E. 
hio, and Mrs. Ford. Middle right: R. 
.. and Mrs. DeLong. 
Mrs. Burt. Bottom right: R. C. Gunness, Standard Oil Co. (Indiana 


Bottom left: W. I. Burt ‘and 
), Chicago, and 
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Top to bottom: J. E. Crawley, Jr., 
and G. B. Bradshaw, Jr., DuPont, Belle, 
W. Va.; J. H. Howell, Carbide & Car- 
bon Chemicals Corp., Charleston, J. R. 
McClain, and James F. Roe, Monsanto 
Chemical Co., Nitro (Roe & McClain 
on Plant Visits Committee); R. V. 
Green, Registration Committee, DuPont, 
Charleston, S. D. Smith, Sports Com- 
mittee, DuPont, Charleston, H. M. 
West, Program and Papers Committee, 
Carbide & ‘Sarbon Chemicals, Charles- 
ton, and D! G. Hulett, Entertainment 
Committee, Carbide & Carbon Chemi- 
cals, Charleston; M. L. Sims, Ohio- 
Apex, Inc., Nitro, M. M. Delancey, 
DuPont, Charleston, J. H. Howell, 
Carbide & Carbon Chemicals, Charles- 
ton, and B. T. oodruff, DuPont, 
Charleston; J. K. Harvey, Transpor- 
tation Committee, Carbide & Car- 
bon Chemicals, Charleston, K. 
Gutshaw, Carbide & Carbon Chemicals, 
Charleston, and R. J. Valleau, Registra- 
tion Committee, American i 


Corp., Nitro. 
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Processing room, Lake Wales Plant of Florida Citrus 
Canners’ Cooperative. The revolutionary new low tem- 
perature evaporator is tubed with B& W Stainless Croloys. 


Ask your BEW Tube Representative... He can help you 


' B&W STAINLESS CROLOY TUBING He is factory-trained in cost-saving “tube-technics” 
Now, More than Ever, Your Best Buy 


TYPES—Seamless and Welded. 

RENE Complete range of austenitic and ferritic stain- Croloy Tubing is preferred by so many manufac- 
steels. 

SIZES—Up to 8%" OD in o wide range of wall thick- turers and users of food and chemical processing © 

Pipe sizes through 8" nominol diameter in all 

uipment .. . and can hel uncover economies 

SURFACE FINISHES—White pickled, as welded, polished. 

eoan Boned. squore, rectanguler, oval, and speciol in the selection, ordering, and application for your 
pes. 

FABRICATION—Upsetting, expanding, bending, sofe end- services from the broad scope of B&W Stainless 

ing, and machining. 

END USE DESCRIPTION—General Corrosion Resistance Croloy Tubular Products. 

Service, Pressure Piping, Pressure Tubing, Sonitary Tub- 

ing, Mechanical Tubing. 


. . Sells only tubes . . . knows why B&W Stainless 


NOTE. in eddition to Seamiess ond Weided Stoiniess 
Tubing, BAW manvtactures seamiess and welded corbon 
stee! tubing ond intermediate olloy tubing for ol! 
mechonical and pressure opplications. 


THE BABCOCK & WILCOX TUBE COMPANY 
General Offices: Beaver Falls, Pa. 
Plants: Alliance, Ohio, and Beaver Falls, Pa. 


Sales Offices: Alliance, Ohio * Beaver Falls, Pa. * Boston 16, Mass. * Chicago 3, Ill. 
Cleveland 14, Ohio * Denver, Colo. * Detroit 26, Mich. * Houston 2, Texas 
Los Angeles 15, Calif. * New York !6,N.Y. Philadelphia2,Po. St. Louis |, Mo. 
San Francisco 3, Colif. * Syracuse 2,N. Y. * Toronto, Ontario * Tulsa 3, Okla. 
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TIPS ON SOLVING 
DRYING PROBLEMS 


IS THERE SUCH A THING 
AS GUARANTEED 
PERFORMANCE FOR 
DRYING SYSTEMS? 


There most certainly is such a thing as guaranteed 

performance. Every piece of Proctor drying equipment sold 

has a guaranteed performance rating written into the sales contract. 
The equipment must perform according to this guarantee before 
Proctor engineers consider their work completed. 


Guaranteed performance is possible for Proctor equipment because 
nothing is left to chance at any stage in its development. A Proctor 
representative will talk with you the moment you realize you need 
drying equipment .. . will help you establish your requirements 

in specific terms . . . will assist you in considering preliminary and 
subsequent processing so that drying becomes an integrated 

part of the over-all process . . . will work closely with you as test 
work proceeds either in Proctor laboratories or your own plant . . 

and will be in constant touch with the engineering, building, and 
installation of your equipment. 


Guaranteed performance is no mere 
advertising phrase . . . but is exactly what 
you buy when you specify Proctor ‘‘job 
engineered” drying equipment. 

The next time a drying problem presents 
itseli—remember you can buy guaranteed 
performance by calling Proctor engineers into 
the picture early! 

For the complete story of the Proctor 


approach to solving drying problems, write for 
Bulletin 361. For a lucid explanation of 


Proctor Drying Systems for the Process 
Industries, ask for Bulletin 342 as well. 


PROCTOR CONTINUOUS CONVEYOR SYSTEMS 


PROCTOR & SCHWARTZ INC - 630 TABOR ROAD - PHILADELPHIA 20-PA- 
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NATIONAL INVENTORS 
COUNCIL REACTIVATED 


According to Charles F. Kettering, 
chairman of the National Inventors 
Council of the Department of Com- 
merce, the agency has been reactivated 
for assistance to military research. The 
N.LC. is the agency within the federal 
government which links civilian inven- 
tion and military research. 

Through the U. S. Department of 
Commerce, the Council offers an infor- 
mation bulletin on procedures for sub- 


| mitting proposals. 


According to the Council, eight of the 
problems which will help the national 
defense, are as follows: 


1. An insect repellant of a type suitable 
for application by the individual which 
will effectively repel all insects for a 
period of 24 hours or more with a 
single application. 

A cloth-like material possessing bal- 
listic protection which is lightweight, 
flexible, and not bulky. 

. A means of individual protection from 
gamma radiation. 

. A method for prolonging the preser- 
vation of whole blood. 

An accurate instrument and technique 
for barometric leveling. 

A technique, method and equipment 
for the detection of buried explosives. 

. Rapid, automatic methods of deter- 
mining the size of smoke particles and 
the obscuring power of the smoke. 

. Methods for dispersing liquids and 
solids as a stable aerosol and not de- 
compose the material being dispersed. 


COAL GASOLINE PLANT 
FOR SOUTH AFRICA 


Construction of a comfercial, gaso- 
line-from-coal synthesis plant will start 
in South Africa within the near future, 
The M. W. Kellogg Co. states. 

The plant is being built for SASOL 
—South African Coal, Oil and Gas 
Corporation Ltd. It will be located 
about 40 miles south of Johannesburg. 

The project will use new coal de- 
posits to supply raw material and above- 
ground gasification facilities to trans- 
form coal into synthesis gas will be 
built. 

Kellogg’s Synthol process is to be 
utilized in the synthesis. 


COLD RUBBER 
OUTPUT BOOSTED 


Production of cold rubber at the Port 
Neches (Tex.) plant, B. F. Goodrich 
Chemical Co., operates for the govern- 
ment will be increased 50 per cent 
shortly, W. I. Burt, vice-president of 
manufacturing, announced recently. He 
said the government has authorized the 
installation of refrigeration equipment 
costing $350,000 to expand cold-rubber 
production from 30,000 to 45,000 tons 
of the plant’s 60,000-ton annual rated 
capacity. 
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In ACTION 


on all industrial fronts 


Everywhere the Celanese trademark appears...on assistance based on a generation of experience in 
tank cars lined up along railroad sidings...on drums —_ petroleum chemistry—assurance to industry of large- 
stacked on plant receiving platforms ...everywhere, scale uninterrupted production. 


it’s a symbol of intensified industrial activity as REVISED FORMALDEHYDE TECHNICAL MANUAL 
more and more industries look to Celanese for vol- 


ume shipments of organic chemicals. Write now for the revised technical manmal on Formal- 
dehyde—37 pages of detailed information, including a 
special 4-page section on Formcelt (Formaldehyde— 
alcohol solutions). Celanese Corporation of America, 
Chemical Division, Dept 507-D, 180 Madison Avenue, 
New York 16, N. Y. 


The Celanese Chemcel plant near Bishop, Texas, 
is operating ‘round-the-clock to meet these growing 
demands of defense and heavy industry . . . produc- 
ing Formaldehyde, Acetone, Acetic Acid and other 
vital organics by the direct oxidation of natural 
petroleum gasés in the district. 

Celanese chemical service includes expanded plant 
facilities employing the most recent developments 
in chemical production . . . a reliable source of raw 
materials virtually on the plant’s doorstep ... a 
nation-wide distribution system . . . research labora- 


tories and pilot plants . . . and valuable technical os CHEM I1CALS 
*Hteg. U.S. Pat. Off. ?Trademark 
FORMALDEHYDE * PARAFORMALDEHYDE * ACETIC ACID * ACETALDEHYDE + ACETONE * METHANOL * PROPYLENE GLYCOL 
METHYLAL * n-PROPANOL * TRICRESYL PHOSPHATE * BUTYL ALCOHOLS * PROPYLENE OXIDE * Di-PROPYLENE GLYCOL 
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Eliminate 


CUMBERSOME 
COSTLY HOOK-UPS 


INTERNALLY- GEARED 
MOTOR 


You can eliminate the nuisance and 
expense of belts, guards, chains and 
sliding bases used with standard 
motors to get low speeds. Syncrogear 
with internal gearing permits direct 
drive, simplifying installation. Saves 


space, too! 
VY to 30 hp. 
Geared as low as 10rpm 


Above is a scene from the production line of the Charles Pfizer & x. Inc., 


| plant at Groton, Conn., for the production of crystalline vitamin A. 


this vitamin on a commercial scale was first announced last month by ae E. 
McKeen, president of the company at a press conference at which he stated that 
synthetic crystalline vitamin A acetate had been successfully produced om a com- 
mercial scale, and that at full capacity the Groton plant would produce 50% of 
the total U. S. civilian and military need for vitamin A. 

To prevent oxidation of the vitamin, all equipment is airtight and processing 
takes place in the absence of air. 
The vitamin is being alle ‘available as dry synthetic crystals, as a stabilized 
powder, and as a liquid. 
oo to Mr. McKeen, Pfizer research scientists have perfected a process 
h stabilizes crystalline vitamin A by coating the crystals with gelatin. 


At the first regional conference of the chemical engineering —— of the 
Chemical Institute of Canada at Toronto, Feb. 19-20, were (left to right): R. L. 
Streight, chairman of the division and of the conference; H. B. McGuffie, i 
Research Council, Chalk River; T. H. Chilton, President, A.LChE, and A. 
Monsaroff, secretary-treasurer of the division and of the conference. Dr. Chilton 
gave an address to the delegates on the development of unit operations in the 
 ~ — He is also technical director, development engineering division, 
DuPont 
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SYNC x OGEAR 
= 
or Milford, Conn. 
| Send U. S. Syncrogear Motor Bulletin 
City Zone State | 


@ BUFLOVAK Evaporators 
Profitably used for By- 
Product Recovery 3) Produce 
Salable Products from Waste 
Materials Which Put Dollars 
in Your Pocket ey And Solve 
Disposal Problems 


The above illustration shows BUFLOVAK 
Evaporators used in the recovery of zinc 
sulphate and zinc chloride from pickle liquor. 
The evaporators are equipped with patented 
Salt Separators. 
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engineered to profitably meet 
the individual plant condition 
A and built in many types, sizes | 
Q& they ore successfully used 
_ for the recovery of by-prod- 
liquor, black liquor, whey, i 
_mercerizing liquor, sulphite 
| waste, steep water, and other 
(3) Such products | 
wets are also dried with 
| | It’s new source of added | 
ie TES tn end cooling 
. water, thet come from multiple 
DIVISION OF BLAW-KNOX CO. ORE AVE, PALO 11, 
Laboratory . . . where small scote experi- 


MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


Plain English for Textile Finisher 


An Introduction to Textile Finishing. 

. T. Marsh. John Wiley & Sons, Inc., 

ew York, N. Y. (1951) 552 pp. $5.50. 
R. MARSH, who is not identified 
anywhere as to his connections or 
company, nevertheless supports his com- 
petence to write a book on textile finish- 
ing in his Preface, which is well written 
and enjoyable to read. He speaks of 
his acquaintance with the famous finish- 
ing installations in the United States, 
Canada and Europe, and of his good 
fortune to be acquainted with many of 
the pioneers of textile science. In this 
book Mr. Marsh has attempted to cover 
all the phases of finishing in its widest 
sense. 

The book is written with an English 
slant and with English connotations, 
but it is well illustrated and should not 
prevent anyone connected with the field 
from understanding exactly what is 
meant in all cases. An adequate descrip- 
tion is given of all textile-finishing 
machines and covers all other aspects 
uch as créping, mercerizing, etc. How- 
ver, the book is not limited solely to the 
echanical finishing operations, and 
here is a good deal said about chemical 
reatment. A section on synthetic resins 
overing urea, formaldehyde condensate, 
rease-resisting processes, is typical of 
he chapters in this work. 

Its modernity is attested by the section 
m rubber, and impregnation of mater- 
Is with it, which ends up with a brief 
ésumé of synthetic rubbers. Processes 
uch as mildewproofing, waterproofing, 
nd fireproofing are also covered. 

While the book is termed an introduc- 
ion and can be read with value by those 
ot acquainted with the field, its com- 
leteness recommends it to those in the 
xtile field who wish to have a recent 
‘ork on the subject. 


tatistics That Don’t Lie 


Technological Applications of Statistics. 
L. H. C. Tippett. John Wiley & Sons, 
Inc., New York, N. Y. (1950) 189 pp. 
+ vii. $3.50, 

Reviewed by Vernon E. Lewis, Assis- 
tant Professor, University of Delaware, 

Newark, Delaware. 


TATISTICS is a branch of mathe- 
matics which has been developed to 
aid in understanding the facts behind 
numerical data. In a real sense, then, 
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it becomes a tool for the worker in tech- 
nological fields, and becomes most useful 
in the hands of the worker. Just as a 
beautifully made tap is not useful in 
the shop window of a toolmaker but 
becomes useful in the hands of a ma- 
chinist, so statistics is not useful in the 
hands of the toolmaker (the mathemat- 
ical statistician) but becomes tremen- 
dously effective in the hands of the user 
(the technical worker). Mr. Tippet’s 
book has been written around this idea. 
He does not attempt to teach the reader 
how to become a mathematical statis- 
tician. Rather he attempts to give the 
reader an understanding of the purpose, 


the proper method of use, and the limi- , 


tations of the various statistical methods 
as they have been developed by the 
mathematicians. Then he goes on to 
show how these methods can be used to 
obtain more clearly and efficiently the 
answers to the questions which led to 
the taking of data. 

The methods are illustrated by worked- 
out examples on numerical data in var- 
ious technical fields. The examples, 
with their explanatory text, should be 
understandable by any competent tech- 
nical worker, even though they will not, 
in general, be drawn from his own par- 
ticular field. By going through the steps 
of formulating the question, planning 
and analyzing the data, and translating 
the statistical findings back into lan- 
guage which appropriately answers the 
original question, the reader will de- 
velop the “feel” for the methods and the 
confidence to begin to apply them to his 
own problems. 

The book is a welcome addition to the 
library of the worker with no statistical 
training because it will bring him a 
clear introduction to the subject. It will 
also be welcomed by the statistician 
with limited training in technology, be- 
cause it will help him better to under- 
stand the technical man’s viewpoint and 
problems. The author is unusually well 
qualified to effect this exchange of un- 
derstanding, because of his recognized 
competence both as a statistician and as 
a technologist. It is a matter of slight 
regret that the original data and discus- 
sion of many of his examples occur in 
British publications, which will make 
them slightly difficult for many Amer- 
ican readers: to obtain, but the book 
stands so well on its own contents that 
this should not seriously affect most 
readers. 
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Informal Textbooks 


Principles of Phase Equilibria. F. W. W. 
Wetmore and D. J. LeRoy. McGraw- 
Hill Book Co., New York, N. Y. 
(1951) 200 pp., $3.50. 

Reviewed by F. W. Winn, Socony- 

Vacuum Oil Co., Inc., Paulsboro, N. J. 


7 HIS book presents an informal dis- 
cussion of heterogeneous phase equi- 
libria. Liquid-liquid and _ solid-liquid 
systems are given primary consideration 
and only a short elementary discussion 
is given on vapor-liquid equilibria. 

Most of the terms associated with the 
subject are defined and discussed at 
length. These include: the phase rule 
and proportioning rule; polymorphs and 
allotropes; triple, boiling, freezing, and 
sublimation points; solidus and liquidus 
curves ; and eutectics and azeotropes. 

The style used is of an informal na- 
ture and much emphasis is placed on 
logical thinking to arrive at the various 
concepts. The diagrams are explained 
clearly and soundly and in this respect 
the book is excellent. The absence of 
specific references to the experimental 
data used to construct the diagrams is 
a point of criticism, however. Consider- 
able discussion is devoted to the numer- 
ous examples and each chapter is fol- 
lowed by a set of exercises which have 
been designed to teach the subject mat- 
ter. 

The book is well suited as a textbook 
but for those familiar with the field, 
other recent works are likely to be more 
useful. 


Fertilizer Grade Ammonium Nitrate. 
Manufacturing Chemists’ Association, 
Washington 5, D. C. (1950) 23 pp. 
50 cents. 

ROPER methods of handling, stor- 

ing and using ammonium nitrate fer- 
tilizer, are described in this new book- 
let. Ammonium nitrate has become one 
of the most important sources of plant 
food for agriculture and a group of 
experts from the Manufacturing Chem- 
ists’ Association has prepared this guide 
for use by establishments handling this 
chemical. The potential hazard of am- 
moniuum nitrate is acknowledged and 
several recommendations are made for 
safe handling and storage. 

However, the book does note that this 
material, like other commodities of 
everyday use in the city and on the 
farm, is safe if properly handled. 
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To the savings made by 
the reduction in “Karbate” 
brand impervious graphite 
pump prices (up to 33%), 
add the all-important fac- 
tor of very low annual 
maintenance cost. Our rec- 
ords show some pumps in 
service for years, requiring 
practically no replacement 
parts. 


14.““KARBATE” 


BRAND 


Impervious Graphite 
Corrosion Resistant 


PUMPS 


Case and Impeller are of “Karbate” 
impervious graphite — they do not corrode. 
Stainless Steel Shaft, where exposed to corrosive 
fluids, protected by “Karbate” impervious 
graphite. 

“Karbate” impervious graphite rotary seals * 
are regular equipment — included in basic 
pump price. They are not “extras”. 

No stuffing gland to require packing — a single, 
occasional adj of the “Karbate” 

rotary seal replaces this cost. 


OtherNATIONAL CARBON products 


*Now, even at new low pump prices, 

“Karbate” rotary seals have been improved. Teflon is 
used to gasket the seal to the shaft and the gasket is 
adjusted, independently of pressure, on the seal faces. 


All-purpose application 

Freedom from product contamination 
Excellent corrosion resistance 
Rugged construction 


Low maintenance — minimum servicing 
and replacement of parts 


The term “Karbate” is a registered trade-mark of 
NATIONAL CARBON DIVISION 
UNION CARBIDE AND CORPORATION 
30 East 42nd Street, New York 17, N. Y. 


District Sales Offices: Atianta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


In Canada: National Carbon Limited, Toronto 4 


HEAT EXCHANGERS + PUMPS + VALVES + PIPING +» TOWERS + TOWER PACKING + BUBBLE CAPS - 


BRICK + STRUCTURAL CARBON + SULPHURIC ACID CUTTERS + HYDROCHLORIC ACID ABSORBERS 
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“SINGIN’ ENGINEER” 


the Houdry Process Corp., 
. and by avocation a 
singer of folk songs is currently being 
featured on Station WILM in Wil- 
mington, Del. as a ballad singer. He 
has already built up a substantial listen- 
ing audience according to WILM from 
the mail that has poured into the station. 
This entertainer on the air from 
12:45 to 1:15 P. M. every Saturday with 
a selection of American folk songs, hails 
from Missouri, that section of the coun- 
try which has produced many of our 
finest ballad singers. He was born on 
a farm near Jasper in 1925. Following 
his graduation from the nearby Lamar 
High School, he attended the summer 
session of the University of Kansas in 
the A.S.T.R.P. program. His education 
was interrupted with a service period in 
the Army, but October, 1946, finds him 
picking up the loose ends of his educa- 
tion at the University of Missouri. He 
received his B.S. in chemical engineer- 
ing in June, 1950, when he moved east 
to become associated with Houdry. 
Always interested in music, this sing- 
ing engineer took voice lessons in col- 
lege and attended the Conservatory of 
Music in Kansas City. He has been 
playing and singing whenever he can 
et anybody to listen. He does admit, 
er, an interest in chemical engi- 
neering, too. 


ARIES ASSOCIATES BUYS 
W. Y. AGNEW BUSINESS 


R. S. Aries & Associates, New York 

onsulting chemical engineers, have ac- 
wired the business of William Y. 

gnew, consulting chemical engineer, 
also of New York. This acquisition will 
expand the scope of activities of the 
Aries organization. 

The general engineering and drafting 
offices of the newly acquired company 
will remain at 500 Fifth Avenue, New 
York, while the executive offices will be 
transferred to the parent company at 
400 Madison Avenue, New York. The 
new acquisition will supplement the ex- 
isting engineering facilities of the Aries 
organization located in Brooklyn, N. Y. 
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A.E.C. WANTS ZIRCONIUM 


Plans to encourage wider industrial 
participation in the manufacture of high- 
purity zirconium metal for the nuclear 
reactor development program have been 
announced by the Atomic Energy Com- 
mission. At the present time, zirconium 
metal meeting required chemical and 
physical specifications is being produced 
largely in Government-owned or-con 
trolled facilities, using processes devel- 
oped by the Bureau of Mines and con- 
tractors of the A.E.C. 

The major steps now used in obtain- 
ing pure metal from the commercial 
grade zirconium tetrachloride are : 


. Separation of hafnium from crude zir 
conium tetrachloride. 

. Chemical purification 
zirconium. 

. Calcination and 
purified zirconium. 
Reduction of purified tetrachloride 
using basic Kroll-type process. 
Refining of the reduced metal, using 
the basic deBoer-type process. 


of separated 


rechlorination of 


Technological information about these 
unit processes may be made available to 
private producers and classified informa- 
tion can be made available to interested 
producers following security clearance. 

Manufacturers interested in the 
A.E.C. zirconium purchase program 
should write the Division of Engineer- 
ing, Atomic Energy Commission, Wash- 
ington 25, D. C. 


IS THAT ADDRESS 
CHANGE NECESSARY? 


We have noticed that many 
change-of-address requests involve 
merely a switch from business to 
home and vice versa, though 
subscriber has not actually left 
his former business affiliation. 
Since there is a shortage of the 
metal used in address stencils, 
readers can help us conserve a 
diminishing supply of these plates 
by withholding unnecessary re- 
quests for address changes. 


INTRADEX TO BE 
MADE IN U. S. 


A sugar-derived substitute for blood 
plasma which is now being sold in Great 
Britain and several other countries will 
shortly be made in the United States 
according to T. C. Usher, managing di- 
rector of Dextran Ltd., of Darlington, 
England, who is now in the United 
States. 

Plans are under way for a plant cost- 
ing approximately $700,000 which will 
be located in Orange, N. J., through the 
founding of a new organization tenta- 
tively known as Tell & Usher, Ltd. The 
new organization will be effected 
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through the association of T. C. Usher, 
and Philip Tell of the Tell Manufactur- 
ing Co., Orange, N. J. 

The product is known as Intradex 
and is described as a solution of dextran 
“specially prepared and possessing to a 
high degree the ideal properties desirable 
in a blood plasma substitute.” 

According to Mr. Usher, the United 
States plant will be built and in opera- 
tion within nine months. Initial produc- 
tion calls for 20,000 units per month. A 
pharmaceutical house, as yet unnamed, 
will handle distribution. 

Although Dextran is not a substitute 
for whole blood it is widely accepted in 
cases where plasma is needed. It can be 
shipped by sea, rail or air without 
change in its properties and does not 
need to be kept at any particular tem- 
perature when stored in an emergency 
stockpile. 


NEW PRESSURE 
PIPING CODE 


A new and revised copy of the Amer- 
ican Standard Code for Pressure Piping, 
is announced by the American Society 
of Mechanical Engineers. Approval of 
the revised standards was given in 
February of this year by the American 
Standards Association. The code is be- 
ing made available by the A.S.M.E. for 
$3.50 as the work of Sectional Commit- 
tee B31. 

The first standard pressure piping 
code was published in 1942 by the 
A.S.M.E. though it had been preceded 
by several tentative standards first pub- 
lished in 1935 and 1937. The work on 
the new code was done under F.S.G. 
Williams, chairman of the Sectional 
Committee. 

The code covers power piping, gas 
and oil, district heating, refrigeration, 
and fabrication details. Sections on ma- 
terials, fittings, and list of codes and 
standards round out the volume. 


GRADUATE ASSISTANTS 
OPEN AT MICH. STATE 


Half-time graduate assistantships are 
available in the department of chemical 
engineering at Michigan State College. 
The stipend is $1000 for the academic 
year ; tuition and fees are waived. Hold- 
ers of these assistantships will normally 
be able to complete the requirements for 
the M.S. degree in two years. Letters 
of application together with transcripts 
of previous academic work should be 
forwarded to Professor R. W. Ludt, 
acting head, chemical engineering de- 
partment, Michigan State College, East 
Lansing, Mich. 
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WASTE COMMITTEE 
ISSUES REPORT 


Industry is making definite progress 
toward more effective control of wastes 


| 


which contribute to the pollution of the | 


nation’s waterways, it was reported re- 
cently to the National Technical Task 
Committee on Industrial Wastes meet- 
ing in Cincinnati. 

The Committee whose chairman is 
Lyman Cox, supervisor, engineering 
service division, Du Pont Co., Wilming- 


ton, Del., was organized at a meeting | 


at Washington, D. C., May 9-10, 1950. | 
The Committee at that time drew up | 
an outline of an Industry-Government | 
approach in the solution of industrial | 


waste problems. 
that its purpose would be “to effect 
an improvement in the quality of water 
resources in the Nation,” and that it 
would undertake “to perform technical 
tasks pertaining to industrial wastes in 
cooperation with the Public Health 
Service and all others.” 


The initial tasks agreed upon were to: 
(1) assemble a list showing sources of in- 


It was agreed then 


formation on processes and practices known | 


for using, treating and controlling indus- 
trial wastes; (2) assemble a tabulation of 
research projects concerned with utiliza- 
tion, treatment and disposal of wastes, those 
underway and those contemplated ; (3) pro- 
vide a list which will define problems that 
confront a given industrial group and for 
which there is no satisfactory solution. 


Special reports were made at Cin- 
cinnati covering four industrial groups. 
L. C. Burroughs, Shell Oil Co., New 
York, covered the coal, coke, iron, steel 
and petroleum industries and said: 


One of the most difficult problems of 
the by-products coke industry is the dis- 
posal of waters containing phenols, cyanides 
and oily wastes. To handle phenols a large 
new dephenolizer has recently been placed 


in operation and several older units have | 


been modified to increase their efficiency. 
This industry is following closely the 


efforts of other industrial groups to solve | 


similar problems. The cyanide problem, 
while of lesser importance industry-wide, 
is subject to an extensive research pro- 
gram, and an industrial size process de- 
monstration plant has been constructed for 
of cyanides at a by-product coke 
plant. 


Cooperative waste disposal work in 


the oil industry is concentrated largely | 


in the American Petroleum Institute’s 
Committee on Disposal of Refinery 
wastes, Mr. Burroughs added. 


Dr. Harry Gehm, technical director, 


National Council on Stream Improve- 
ment for the Pulp, Paper and Paper- 
board Industries, New York, reported 
for the chemical processing industries 
and recommended that the Public Health 


Service at Cincinnati make fundamental 


studies on problems such as the thicken- 


ing and dewatering of hydrous residues | 


obtained in treatment of some wastes. 
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Hydraulic Swivel Joints help to simplify design 


turni 


ing movement taking place with 


CHIKSAN Swivel Joints. 


As the Unpacker Head travels back 


and 
and 


At 


forth, the hydraulic line folds 
unfolds automatically. 


the end of the stroke, the 


hydraulic line requires sharp bends 
hich are possible only by using 


CHI 


KSAN Swivel Joints. 


With CHIKSAN Hydraulic Swivel Joints 
you can design and build flexible hydraulic 
lines to handle pressures to 3,000 psi... and 
thereby gain advantages not obtainable by 
any other method. A typical example is the 
Ermold Automatic Case Unpacker. 

CHIKSAN Hydraulic Swivel Joints make 

ssible sharp bends, thus permitting instal- 
ions where space is limited. They elimi- 
nate drag and snag. In addition, you get 
uniform low operating torque, strength and 
safety under all conditions. All-metal tubing 
assures longer life. 


There are 5 Basic Types of CHIKSAN 
Swivel Joints~—a Type for every purpose. 
CHIKSAN Engineers will gladly cooperate 
with you in selecting the correct Type... 
either standard or of special design... for 
your specific requirements. 


(a) Bosic Type Swivel Joints -for pressures from 125 psi 
to 15,000 psi. (b) Mi Temperoture Swivel Joints for 
temperotures to 500° F., working pressures to 700 psi 
Rotating Joints for 150-ib. steam, brine, etc. For hot 
ond cold rolls, tumblers, plotens, etc. (d) Sonitory Swivel 
Joints for food processing, fruit juices, doiries, etc. fe) 
Mydrovlic Swivel Joints for pressures to 3,000 psi. For oir- 
croft, industria! and armored equipment. (t) Flexible Lines, 
designed ond fobricoted to meet specific requirements. 


WRITE FOR CATALOG NO. 50-AH 
Representatives in Principal Cities 


CHIKSAN COMPANY ano sussiviary companies 


NEWARK 2, N. J. 


BREA, CALIFORNIA CHICAGO 3, ILL. 


CHIKSAN EXPORT COMPANY, 155 WASHINGTON ST.. NEWARK, WN. J. 
WELL EQUIPMENT MFG. CORP., HOUSTON |, TEXAS 


BALL-BEARING SWIVEL JOINTS FOR ALL PURPOSES 
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AUTOMATIC | 
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gil packaging plant at Marcus Hook Refinery, utilizes 

The versatility of this equipment permits production ofa 
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BULLETINS 


1 @ STAINLESS TUBING DATA. A 


slide rule on stainless tubing from 
The Carpenter Steel Co. which gives 
on one side, data about the composi- 
tions of 16 stainless alloys, also 


strength, properties and other ph 
cal data, plus a chart of bursting 
ures. The other side of the slide 


rule gives the desirable bending and 
coiling radii for stainless tubing and 
pipe. Standard dimensions and 
standard sizes for round tubing are 
shown on charts. 


2 © 3 e WESTINGHOUSE BULLETINS. 
Bulletin (2) describes Precipitron 
electronic air cleaners in nontech- 
nical language. The Precipitron is 
a Westinghouse device for cleaning 
air by electronic methods and is in- 
tended for heating, ventilating, air- 
conditioning, etc. Bulletin (3) de- 
scribes a new line of d.c. motors and 
generators. Construction details are 
described, all features of windings, 
brushholders, etc., shown. Explosion- 
proof types are available as well as 
totally enclosed fan-cooled models. 


4 @ VARIABLE SPEED DRIVES. A 
bulletin describing basic operating 
o_o of a variable speed drive 
y Reeves Pulley Co., plus rating 
tables, dimension drawings and sup- 
plemental equipment for use on 
three basic units. 


5 @ MAGNETIC HUMP. A perma- 
nently magnetized tramp iron trap 
is described by Ericz Manufacturing 
Co. Designed to remove tramp iron 
from materials conveyed pneumatic- 
ally or in slurry and liquid lines, or 
vity flow materials. The hump is 
Sesigned to take advantage of the 
inertia between magnetizable mate- 
rial and material to be cleaned. Full 
illustrations, dimensions, etc. 


6 @ NEUCLEONICS PRICE LIST. An 
illustrated price list from Tracerlab, 
covering such divers items as scalers, 
accessories, sample holders, safety 
equipment, Geiger counters, etc. 


Mail card for more datap 


SERVICE 


7 @ ALUMINIZED STEEL. For engi- 
neers in the chemical field concerned 
with construction, a new booklet of 
Armco Steel Corp. illustrates a new 
steel-aluminum surface metal. Shows 
properties and installations that can 
utilize the product, such as fan walls 
in kilns, louvers for combustion 
chambers. Some data on heat re- 
flectivity, corrosion resistance, chem- 
ical properties, weights, methods of 
finishing, welding, etc. 


8 HIGH-PRESSURE PUMP. Dcming 
Co. announces a new multistage 
high-pressure centrifugal pump for 
general industrial noncorrosive 
liquids; 2-34 and 5-stage construc- 
tion. Pump and motor are one unit. 
Vertical type. Capacities range from 
10 to 45 gals./min. against heads up 
to 400 ft. 


9 © ENGINEERING EQUIPMENT. An 
illustrated booklet from Wellman 
Engineering Co. showing the engi- 
neering cquipment the company 
makes. For those who need skip 
hoists, bridges, buckets, cars, dump- 
ers, charging machines, coke-oven 
machinery, furnaces, gas producers, 
gas-reversing valves, gas generators, 
cranes, hoists, or coal and_ oil- 
handling equipment. 


10 e DIMENSIONAL DATA CARD. For 
the essential dimensions of welding 
fittings and flanges Taylor Forge & 
Pipe Works offers a data card which 


condenses data on wall thickness and 
essential dimensions for all types of 
fittings for all nominal pipe size from 
% in. through 30 in. The other 
side of the card has on S. data about 
forged steel flanges giv essential 
dimensions, and bolting data, ctc. 


11 CORROSION-RESISTANT COAT- 
INGS. A wall chart of materials that 
are acid and alkali resistant made by 
Heil Process Equipment Corp. Tells 
uses, resistance, application, cover- 
age and packaging of several differ- 
ent materials—tank linings, plastics, 
paints, vinyl coatings, cements, etc. 


12 ¢ FLANGE AND COUPLING SELEC- 
TOR. A Nooter Corp. flange and 
coupling selector in slide rule form 
which gives data on diameters, thick- 
ness, bolt circle, etc., for flanges and 
sizes of co "pe available, plus 
pipe standard tables. 


14 @ VISCOSITY DETERMINATION. 
From Fischer & Porter Co. a new 
catalog describing Viscorator instru- 
ments which provide an instantane 


ous method of determining viscosity — 


values. A new development provides 
a constant meter sample flow rate 
regardless of line fluctuations. Bul 
letin explains engincering details 
and facts of the measurement. 


15 @ ROTATING EVAPORATOR. 
Rodney Hunt Machine Co. describes 
and shows engineering features of 
Turba-Film evaporator for use in 
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the chemical, pharmaceutical, food, 
etc. industries. Units available in 
sizes up to 2500 Ibs. of water evap- 
oration/hour. Evaporator requires 
only seconds for passage and evap- 
oration. Features a jacketed vertical 
tube and a rotated evaporation cen- 
ter. Plant layouts are shown utiliz- 
ing evaporators. 


16 . CORROSION OF CONDENSER 
TUBES. An extensive and well-illus- 
trated report on corrosion factors in 
condenser tubes by Revere Copper 
& Brass, Inc. Report covers corro- 
sion of tubes, protective films to pre- 
vent corrosion, and describes devel- 
opment work now being done for 
tube alloys. Photomicrographs of 
corrosion of various types of metals 
as well as a story about the 
Revere organization plus composi- 
tions and recommendations of con- 


denser tubes. 


17 @ PIPE-LINE FILTERS. Dollinger 
Corp. bulletin on mechanical filter 
for eliminating water, oil, dirt, etc., 
from line flow of gases and air, etc. 
Models, specifications, etc., are all 
covered, 


18 @ DRYERS. An_ illustrated bro- 
chure showing Standard-Hersey dry- 
ers used in the chemical process in- 
dustries. Dryer types are listed plus 
pictorial illustrations and examples 
ot use. 


D 


19 @ SINGLE-STAGE CENTRIFUGAL. 
For continuous process service in the 
chemical field, Pacific Pumps Inc. 
centrifugal pumps are described in 
a new brochure. Cut-away views in 
color show construction and main 
design features. ‘Two types of pumps 
with —_ from 1500 to 1660 gals./ 
min. Table of pump size sclection 
and dimensions. 


20 « CEMENT LINING PIPES. The 
‘Late process for lining pipes already 
in place with a smooth cement mor- 
tar, described by Pipe Linings, Inc. 
Essentially the brochure explains the 
mechanical details of how the steel 
pi are scraped and the mortar 
aid onto pipe walls. 


21 e AUTOMATIC STRAINERS. For 
straining water, ammoniacal liquors, 
chemical solutions, etc., S. P. Kinney 
Engineers, Inc., offers a bulletin 
on Brassert automatic self-cleaning 
strainers. Strainers from 4 in. to 
36 in. pipe-line sizes of special ma- 
terials. Of interest to chemical, coke, 
water, etc., plants. Bulletin shows 
construction, capacities, ete. 


EQUIPMENT 


25 @ VAPE-SORBER. The Selas Corp. 
ot America has an activated carbon 
adsorber for removing petroleum 
vapor, dirt and liquids from com- 
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pressed air and other gases. Ceramic 
tubes pass only air and gas, and the 
bed of adsorbing carbon removes 
the petroleum vapor. Available in 
capacities of 100 to 500 cu. ft./min. 
at pressures of 150 Ibs. Capacities, 
dimensions, and description in de- 
tailed bulletin. 


26 © POCKET pH METER. A pocket- 
size pH meter and companion probe 
unit for determining on the spot pH 
concentrations is offered by Ana- 
lytical Measurements, Inc. Battery- 
operated, it comes in a small case 
and weighs 3 lbs. Meter scales from 
a pH a 2 to 12 with accuracy to 
0.1 unit. 


27 © TOOTHED TIMER BELT. United 
States Rubber Co. has developed the 
Gilmer timing belt, a rubber and 
fabric combination with teeth for 
use On power transmission installa- 
tions that require accurate timing. 
For use on instruments, gasoline 
pumps and industrial equipment 
where similar units are in simultane- 
ous production. 


28 « ADHESIVE SAFETY SIGN. Ad- 
hesive labels for mounting on pipe 
lines, doors, elevators and dangerous 
places, which come on dispenser 
cards and are applied without any 
moisture are offered by the W. H. 
Brady Co. More than 550 safety 
signs and pipe markers. Conform to 
ASA standards. 


29 @ RADIAL FIN TRANSFER TUBE. 
Modine Mfg. Co. has develo a 
new two-fluid heat-transfer surface in 
the form of a concentric tube with 
radial fins. For use by the chemical, 
gas, pharmaceutical, etc., industries. 
Fabricated from any metal tube, is 
available in diameters of 1 in. and 
1% in. and has six radial fins. 


30 © CYCLE TIMER. A new multiple. 
circuit cycle timer for use in indus- 
try for timing furnaces, electrical ap- 
pliances, laboratory equipment, and 
pilot plant units. May be set for 
on-or-off periods with as many cir- 
cuits as desired. A new product of 
the Zenith Electric Co. 
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31 © FROST PREVENTER. For the pre- 
vention of frost in cold rooms, Ni- 
agara Blower Co. has developed a 
“no frost” system. The cold air 


stream at sub-zero temperature 
passes over refrigerated coils sprayed 
with a nonfreezing compound. The 
nonfreezing compound is removed 
to a concentrator, the water re- 
moved and the reconcentrated ma- 
terial passed back to the spray cham- 
ber. Effective to temperatures as low 
as 30°F. Water evaporating ca- 
pacity from 11% to 75 gals. /hr. 


32 @ 33 © VAPOR-TIGHT FIXTURES. 
(32) is a vapor-tight fixture made of 
a noncorrosible alumalloy for use in 
the petroleum and chemical process 
industries. (33) Is a complete line 
of explosion-proof fittings for haz- 
ardous locations. Killark Electric 


Mfg. Co. 


34 @ TACHOMETER. An inexpensive 
tachometer to use with variable 
speed transmissions and motor drives 
is announced by Reeves Pulley Co. 
Electrical in operation and more ac- 
curate than mechanical tachometer. 
Designed for quick installation, it 
operates accurately at long distances 
from speed drive. 


35 @ DRUM CLEANER. Two rotoblast 
drum-cleaning machines for remov- 
ing dirt, rust, — etc., from 30- 
and 55-gal. steel drums and lids, are 
announced by Pangborn Corp. Op- 
erated by one man, principle de- 
pends upon a metal abrasive hurled 
against both interior and exterior 
surfaces by centrifugal force. Scours 


based on timed revolving mechanism 
which draws samples through con- 
necting tubes. 


37 @ DEIONIZING UNITS. Illinois 
Water Treatment Co. announces a 
complete line of package-type de- 
ionizing units ranging from 12 to 
1000 gals./hr. Includes six sizes of 
mixed-bed deionizer units producing 
water containing less than 0.1 p.p.m. 
total dissolved solids. 


38 e HEAT INSULATION. Curved 
blocks in a complete range of sizes 
and thicknesses and made of hydrous 
calcium silicate is announced by 
Owens-Illinois Glass Co. Range cov- 
ers tubes and pipes from 4% in.-D 
to 72-in. and vessels up to 60 ft. 
The insulation is effective up to 
1200° F. and available in thicknesses 
from | in. to 6 in. 


39 @ CAUSTIC SODA METER. An all 
nickel variable flow meter for hand- 
ling caustic streams is described in 
a bulletin of the Fischer & Porter 
Co. Steam jacketed, sizes range from 


to als/min. The one mov- 
ing the float, is entirely con- 
fin within a liquid system and 


float movement is picked up by 
means of a magnetic follower for 
transmission to a remote receiver. 


40 @ PACKING INSTALLATION TOOL. 
Greene, Tweed & Co. have a new 
packing and packing installation 
tool for sealing tube sheet closures 
on heat-transfer equipment for use 
with corrosive fluids. Company 
claims a good seal against all leakage 
and tube sheet closures and a re- 
duced cost in material and installa- 
tion over conventional seals where 
bolting or threading are involved. 
The packing used is of molded com- 
position available to match the serv- 
ice. The tube has been proved to 
400 Ib./sq.in. on the tube side and 
the first test installation of 480 seals 
has been in continuous service with- 
out a failure since April, 1948. Com- 
plete information available. 


41 © PLASTIC FILM TAPES. Two new 
specialized | yp on film tapes for u 
by food and chemical industries, ar 
in production by the Minnesota) 
Mining & Manufacturing Co. Bot 
tapes are pressure-sensitive ty 4 
one a polyethylene film, the ot a 
Saran film. They are designed for 
special kage and bottle-sealing 
jobs in these industries. Used wheré 
ow moisture-vapor transmission 
rates are necessary. The polyethy- 
lene tape has a maximum elongation) 
of 700%, the Saran tape has a moisy 
ture-vapor transmission rate of 0.1 


g./100 sq.in./day. 
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36 © GAS ALARM SYSTEM. To pro- 
39 40 41 


tect six to eight separate 


locations a new type 
bustible gas alarm system is an- 
nounced by Davis Be Equip- 
ment Co. Operation 


he unit 
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42 e PNEUMATIC TRANSMITTERS. 
A complete new series of pneumatic 
instruments for transmitting and 
controlling flow, pressure, liquid 
level, and specific gravity, is in pro- 
duction by the American Meter Co. 
Improvements incorporated resulted 
from a survey among instrument en- 
gineers. Improvements such as a re- 
duced number of pivot points and 
moving parts, utilization of subas- 
semblies and standardized parts, and 
simplified linkage alignment, etc. 


43 @ FAN NOZZLE. Bete Fog Nozzles, 
Inc., has again a new line of flat 
sprey nozzles. Manufacturer claims 
more uniform coverage, less waste 
of spray, side jets of coarse droplets 
eliminated with the new spray pat- 
tern. Called Series F it includes 13 
discs with flow rate of from 1/10 to 
10 gal./min. and spray angles of 
50° to 90°. 


44 @ LINEAR AMPLIFIER. For adapting 
Geiger-Mueller scalers to propor- 
tional counting, the Nuclear Instru- 
ment & Chemical Corp. has a new 
model of a linear amplifier. This 
rovides a sensitive amplifier cali- 

ted in millivolts, with a choice 
of 1 or 10 mv. maximum sensitivity. 
Has a flat frequency response of 
10,000 cycles to 1.5 mc. 


45 @ AIR POLLUTION TEST UNIT. The 
W. B. Conner Engineering Corp. 
has developed a test unit for deter- 
mining the amount of contaminants 
in a given volume of air. Essentially 
the unit consists of two carbon-filled 
canisters through which a known 
volume of air is drawn. The can- 
isters are connected and assembled 
integrally with a motor-driven air 
blower, 40 cu. ft. of contaminated 
air can be drawn through the acti- 
vated carbon at a linear velocity well 
within the critical limit of odor 


break-through. The canisters may 
be removed from the unit and re- 
turned to the laboratory for analysis. 


46 @ STATISTICAL ANALYSIS CALCU- 
LATOR. For statisticians with control 
engineering research blems, the 
Graphic Calculator Co. has intro- 
duced a Merrill RMS slide-disk for 
simplifying computation of standard 
deviations, root-mean-squares, cor- 
relation coefficients, regression lines, 
etc. The slide-disk is essentially a 
10-in. disk that slides and rotates 
under a pair of vertical and hori- 
zontal scales by which a series of 
right triangles are formed graph- 
ically. Operations of squaring, semi- 
squares, square-rooting, etc., are per- 
formed simultaneously. Price $64. 


CHEMICALS 


47 NON-MELTING WAXES. Filex- 
rock Co. developed a series of non- 
melting waxes expected to have wide 
application in the chemical industry 
for packing, etc. Standard waxes 
that hove been treated to make them 
nonmelting. 


48 @ CEMENT FOR STEEL GRIDWORK. 
Pennsylvania Salt Mfg. Co. offers an 
illustrated bulletin showing the step- 
by-step procedure in applying cor- 
rosion-resistant cement over steel 
gridwork. For use in preventing ero- 
sion and corrosion of installations in 
refineries, in feed and return lines, 
fittings, valves, cyclone equipment, 
ete. 


49 @ COATING LIQUEFIER. Ameri- 
can Cyanamid Co. bulletin on Azite 
900 liquefier. Used for reducing the 
viscosity of colloidal solutions, 
starches, proteins, etc., and in stabil- 
izing the viscosity and retarding the 
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growth of bacteria in these materials 
when applied to paper. Also gives 
heat stability and permanence of 
acidic paper. Bulletin gives proper- 
ties, charts, etc., applications and 
formulations. 


50 @ OILS CHART. Specifications and 
uses of oils, acids, and specialties are 
shown in a new bulletin from Archer 
Daniels Midland Co. Covers the 
physical properties, uses, and com- 
mercial grades of linseed oils, soy- 
bean oils, specialty products, lacquer 
oils, fish oils, fatty acids, and the 
chemical products of this company. 
In addition there are typical physical 
charts of use to industry. 


51 @ VINYL FILLER. A technical in- 
formation bulletin of the Diamond 
Alkali Co, on evaluating inert fillers 
in vinyl plastics. Covers more than 
a dozen commonly used materials 
giving cost and showing effects of 
loading, tear properties, tensile 
strength, etc. 


52 @ HYDROLUBES. A 12-page book- 
let from Union Carbide & Carbon 
Corp. on hydrolubes giving physical 
properties, advantages and how to 
use the fire-resistant hydraulic fluids 
which are essentially combinations 
of ethylene glycol and synthetic 
polymers. 


53 © INDUSTRIAL CHEMICALS. Ten- 
nessee Eastman Co. publication of 
a 1951 catalog of industrial chem- 
icals. Includes specifications, prop- 
erties and typical uses of 55 indus- 
trial chemicals. 


54 @ ETHYLENE CHLOROBROMIDE. A 
technical data sheet on ethylene 
chlorobromide describing and giving 
the properties, analyses, toxicity, and 
suggested uses as well as organic 
synthesis. Offered by Westvaco 
chemical division. Intended as a 
solvent, intermediate, and fumigant. 


55 @ SLIME CONTROL. Santophen 45, 
a technical grade of sodium tri- 
chlorophenate, is being offered by 
the Monsanto-Chemical Co. for the 
control of slime in industrial cooling 
waters. Chemical liberates trichloro- 
phenate which is specific against 
microorganisms producing slime. 
Bulletin gives properties, biological 
activity, recommended dosage, in- 
structions for handling, etc. 
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Authorized Distributors of 
PYREX Brand 
“DOUBLE-TOUGH” PIPE 


NATION-WIDE STOCK PILES OF PYREX BRAND 
“DOUBLE-TOUGH” GLASS PIPE! 


Fred S. Hickey, Inc. FASTER SERVICE—To readily solve your pipeline transfer of corrosive liquids 
5041 W. Loke Street 
Chicago 44, Illinois and gases in the plant, Corning announces the appointment of 11 strategically 
located stock carrying engincer-distributors. They carry full stocks of all popular 
sizes of Pyrex Brand “Double-Tough” Pipe and Fittings. These distributors can 
help you layout, cut and install Pyrex Pipe. If on the spot delivery has held up 
your consideration of Pyrex Pipe Lines these distributors will answer your prob- 


lem. No long delays . . . no plant tie-ups! 


POSITIVE PROTECTION—Whcether you are handling a product extremely 
sensitive to contamination or highly corrosive, Pyrex Pipe is your lowest cost 
material. And it's available! 


EXTRA STRENGTH—Pyrex Brand “‘Double-Tough"’ Pipe is made from ma- 
chine drawn heavy wall tubing. A new heat treating process doubles the strength 
of the ends of straight lengths and all standard fittings (except U-bends). High 
resistance to physical and thermal shock makes it practical plant material. Let 
it solve your piping problem now. 


CORNING GLASS WORKS CORNING GLASS WORKS, Dept. CEP-4, Corning, WN. Y. 
CORNING, NEW YORK Please send me your new Pyrex Brand ““DOUBLE-TOUGH” 

Glass Pipe Catalog. 


Corning meant research NAME 


COMPANY 


1851 + 100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL + 1951 
Technical Products Division: Laboratory Giasswore, Signalwore, Gloss 
Pipe, Gauge Glasses, Lightingware, Optical Gloss, Glass Components ary_ ZONE__ STATE 


ADDRESS__ 
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CHICAGO 
BELMONT 
FRESNO ST. LOUIS 
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ag A. J. Eckert Company 
t 
P.O. Box 118 5 
barnes 904-910 St. Jomes Street West 
Montrea! 3, Quebec, Conado 
122 Jackson Street 
Seaottie 4, Washington 
Stemmerich Supply Compeny 
730 S. Broodway 
St. Lovis 2, Missouri 
State Highway Six 
= Teterboro, N. J. } 


STANDAR[) -HERSEY 


DRYING PROBLEMS 


Albumin 
Bread Crumbs 
Cereals 
Dextrose 
Ebonite 
Fertilizer 
Givren 
Hematite 
Insecticides 
Juices 

Kaolin 

Lignite 
te Sea Moss 
Nitrotes 


of materials in 


Ores 


of a century. Every STanparp-HEersey 


Phosphates 


alfalfa, and numerous other 
substances. 


ea Moss 


omotoes 


STANDARD-HERSEY TEST DRYER 


Let our “pilot” test dryer 
help determine how your 
product can best be dried. 
Duplicates performance un- 
der factory conditions of 
any type rotary dryer with 
any material. 


egetables 


ood Gut WRITE TODAY FOR NEW DRYER BULLETIN 


Xiphies 


Yeast Grain 


Zinc Oxide 


STANDARD STEEL CORPORATION 


5055 Boyle Avenue, Los Angeles 58, California 
Eastern Address: 123-55 Newbury St., Boston 16 
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‘Drvers 


From albumin to zinc oxide and literally hundreds | 
petween, STANDARD-HeERsEY ad- 
vanced engineering has provided profitable solu- 
tions to drying problems for over three-quarters 
yer 
individually engineered—we welcome new and 
unusual drying problems. The recent application of | 
the STaNDanv-HeErsey rotary system to the drying | 
of sea moss is a good example. The particular dryer 
illustrated is designed to reduce moisture content | 
from 78% to 10% with an output rate of 490 pounds 
ice an hour. The same type of equipment, with inter- 
mediate feed, has already been employed success- 
fully to dry starch, sweet potatoes, silica gel, 


CANDIDATES FOR MEMBERSHIP 


IN A.1. Ch. E. 


The following is a list of candidates for the designated 


grades of membership in A.I.Ch.E. 


recommended for elec- 


tion by the Committee on Admissions. 


These names are listed in accordance with 
of the Constitution of 


Section 7, 


Article III, 


which states: 


A.L.Ch.E. 


Election to membership shall be by vote of the Council upon recom 


mendation of the Committee on Admissions 


The names of all applicants 


who have been approved as candidates by the Committee on Admissions. 


other than those of applicants for Student membership, 
Institute 


in an official publication of the 


shall be listed 
If no objection is received 


in writing by the Secretary within thirty days after the mailing date of 


the publication, they may be declared elected by vote of Council 


If an 


objection to the election of any candidate is received by the Secretary 


within the period specified 
Committee on Admissions, 
objection 


Objections to the 
from Active 
if received 
Secretary, 
East 41st St., 


before 


CANDIDATES FOR 
ACTIVE MEMBERSHIP 


Khursheed Ali, Milton, 
ass. 

J. W. Barber, Borger, Tex. 

J. 5 Begert, New York, 


Hilton Bennett, Jr., 
Louisville, Ky. 

Robert D. ta So. Charles- 
ton, W. V 


ex. 

Howard G. Briggs, Cleve- 
land, Ohio 

James B. Cull, Richmond, 
Calif. 

R. M. Daniel, Media, Pa. 

Carl D. DeBord, Midland, 
Mich. 

D. V. Fletcher, 
Square, Pa. 

Robert J. Fritz, Baton 
Rouge, La. 

Edward J. Gornowski, 
Cranford, N. J. 

em 

John F. Potts- 


town, Pa. 
John V. E. Hardy, Wil- 
mington, 
E. M. Haun, St. Louis, Mo. 
George F. Heller, Monroe, 


Kennett 


Allen F. 
ton, 

Richard J. Kozacka, 
Webster Groves, Mo. 

Metuchen, 


Earle R. MacLaughlin, 
Midland, Mich. 

R. E. Maier, Wilmington, 
Del 


Wilming- 


Seymour H. Mann, Sher- 
man Oaks, Calif. 

Charles E. McConnell, 
Charleston, W. Va. 

T. McDonald, Dallas, 


R. "McDonald, Waynes- 


ro, Va. 


( Continued 
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said objection shall be 
which shall investigate the 
holding all communications in confidence, 
mendations to the Council regarding the candidate 


election of any 
Members will receive careful consideration 
May 15, 
American Institute of Chemical Engineers, 120 
New York 17, N. Y 


referred to the 
cause for such 
and make recom 


of these candidates 


1951, at the Office of the 


Wm. W. ape Jr., Kansas 
City, M. 

Frank L. Padgitt, Baton 
Rouge, 

George T. Piercy, Baton 
Rouge, 

James Kemp Plummer, 
College Park, Ga. 

Frank S. Riordan, Jr., 
Knoxville, Tenn. 


eg E. Ross, Atlanta, 
a. 

= O. Small, Towson, 
Daniel E. Smith, Pearl 


River, N. 


Charles S. Steiner, Home- 


wood, Ill. 

William E. Swisher, Paden 
City, W. Va. 

Nels E. Syivander, Bridge- 
ville, Pa. 

Dudley Thompson, Blacks- 
burg, Va. 

A. O. Zoss, Berkeley 
Heights, N. J. 


CANDIDATES FOR 
ASSOCIATE 
MEMBERSHIP 


Willis L. Banks, Port 
Arthur, Tex. 
Kenneth M. Decossas, 
New Orleans, La. 
Fernando Garcia-Roel, 
Monterrey, N.L., Mexico 
Roy L. Grant, Willock, Pa. 
Wilson R. Jordan, Galves- 
ton, Tex. 
D. Kavanaugh, Wash- 
ington, D.C. 
Christopher C. Sheats, Jr., 


Ute, Col. 
CANDIDATES FOR 
JUNIOR 
MEMBERSHIP 
Etienne Roger Aberth, 
Brooklyn, Y. 


N. J. Abrams, Germiston, 
So. Africa 
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DATA ON HIGH-TEMPERATURE ALLOYS 


This new edition of “Haynes Alloys for High- 
Temperature Service” summarizes all the available 
data on 10 super-alloys. Besides physical and me- 
chanical properties of two newly developed alloys 
— Haynes alloys Nos. 25 and 36— the booklet 
now includes additional data on all 10 alloys. 

There are tables and charts giving data on creep- 
rupture, stress-rupture, thermal expansion, stress- 
elongation, hardness, and impact properties, in 
addition to chemical composition and short-time 
tensile properties. The booklet also contains 


information on age-hardening and procedures 


HAYNES 


Trode-Mark Gey”. 


for fabricating the wrought forms of the alloys. 

Every engineer and metallurgist who designs or 
specifies equipment for service at elevated tempera- 
tures should have a copy of this book. Design engi- 
neers, particularly, will find it a useful guide in the 
selection of alloys to meet the exacting require- 
ments of high-temperature service. 

Fill in the handy coupon below if you wish a copy 
of this useful book. If you have the old edition, be 
sure to replace it immediately, so that you will have 
all the latest information available on the Haynes 


high-temperature alloys. 


Haynes Stellite Division, UCC, 725 S. Lindsay Street, Kokomo, Ind. 
Please send me, without obligation, o copy of ‘Havwes Alloys 


for High-Temperature Service.’ 


Haynes Stellite Division 
Union Carbide and Carbon Corporation 


“Haynes” is o trade-mark of Union Carbide and Carbon Corporation. 
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Raymond M. Albert, 
E. nsdowne, Pa. 

Lawrence F. Arnold, Avon 
Lake, Ohio 

Randal E. Bailey, York, 
a. 

Ben J. Barnett, Jennings, 
Mo. 


Carol R. Bauer, Bronx, 
N.Y. 


Charles L. Beckley, 
No. Arlington, N. J. 
Bleday, New York, 


Jason C. Bleiweiss, 
Cleveland, Ohio 

Worth W. Boisture, Baton 
Rouge, La. 

Joseph S. Boyd, Pampa, 

ex. 

Walter Brenner, Phila., 
a. 

J. M. Brown, Cleveland, 
Ohio 

William T. Buhrig, Wood- 
bury, N. J. 

William J. Burkett, Jr., 
San Antonio, Texas 

T. J. Campbell, San 
Francisco, Calif. 

Erwin L. Capener, Minne- 
apolis, Minn. 

Charles F. M. Charters, 
Montreal, Que. 

Emil E. Jersey 
City, N. J. 

James Chrones, Deep 
River, Ont. 

Robert S. Cohen, Pitts- 
burgh, Pa. 

Robert N. Coker, Union- 
town, Ohio 

L. Coldren, Urbana, 


John A. Condrasky, 
Venona, Pa. 

Edward J. Croop, Pitts- 
burgh, Pa. 

Robert S. Crowder, Oak- 
land, Calif. 

Joseph P. Cummins, Wood- 
bridge, N. J. 
Stanley E. Dale, 

ople, Pa. 
Gilbert H. Dawson, Worth- 
ington, Ohio 
D. G. Dimitriou, Belmont, 
‘ass. 


Leroy Easthouse, Berkeley, 
Calif. 


Frank M. Faff, Linden, 
x. 


Zelien- 


Donald N. Felgar, Alliance, 
Ohio 

Harry G. Foden, Baltimore, 
Md. 


Arnold C. Frederick, El 
Dorado, Ark. 
T. T. Garrett, Jr. 

Ala. 


, Florence, 


Marlin G. Geiger, Jr., 
Lafayette, Ind. 

Jean Pierre Gignier, Paris, 
France 

C. Wallace Gilmore, 
Oleum, Calif. 

Lyle J. Gordon, Seattle, 
Wash. 

Gray M. Gorton, Port Sul- 
phur, La. 

Roy L. Grantom, El Dor- 
ado, Ark. 

Stanley Grossel, 
phia, Pa 

Milton G. Gugenheim, Jr., 
Houston, Tex. 

K. Haile, Columbia, 


Philadel- 


Wayne R. Hamilton, Port- 
land, e. 

Donald B. Haynie, Los 
Angeles, Calif. 

Albert E. Helzner, Salem, 


Carl W. Higby, Richland, 
Wash. 


William W. Hoehing, 
Hopewell, Va. 
Brooklyn, 


Howard K. Hover, Mid- 
land, Mich. 


Robert M. Huff, Jr., Beau- 


mont, Tex. 


J. Ed. Immergluck, Oak- 
land, Calif. 

E. W. Isern, Bartlesville, 
Okla. 


Robert L. Jamison, Tor- 
rance, Calif. 

Joseph Kaellis, Brooklyn, 

Don S. Kahler, Freeport, 

ex. 

Edwin Edward Kasha, 
Tarentum, Pa. 

Oliver A. Kiikka, Mones- 
sen, Pa. 

Jerome E. Knaebel, 
mington, Del. 

Forbes R. Koehler, Wood- 
stock, Ill. 


Louis Kovach, Glenham, 


Wwil- 


Maurice Kunstenaar, New 
York, N. Y. 

Joseph Richard Laman, 
Akron, Ohio 

Arthur L. 
Maywood, N. J. 

Robert J. Ramen, S - 
field, Mass. 

Edward Layman, Pasadena, 
Tex. 

Charles R. Lea, St. Paul, 
Minn. 

Robert W. Lebherz, Jr., 
Frederick, Md. 

Gene Wm. MacDonald, 

Cuyahoga Falls, Ohio 


CANDIDATES FOR MEMBERSHIP 


(Continued from page 40) 


Charles A. Magarian, 
Springfield, Mass. 

Myron Malanchuk, Pitts- 
burgh, Pa. 

John H. Mallinson, Front 
Royal, Va. 

Terrell L. Mays, Richmond, 
Calif. 

Robert A. 
Hackensack, 

J. Douglas 
Long Beach, Calif. 

R. McMahon, Los Angeles, 
Calif. 

Frederick E. Merliss, 
St. Louis, Mo 

William H. Meyer, Cran- 
ford, N. J. 

Aven P. Miller, Jr., 
Wash. 

Edward Lawrence Moore, 
Amsterdam, N. Y. 

Herbert A. Morrissey, 
Pittsburgh, Pa. 

Don L. Morrison, Rodeo, 
Calif. 

Allen L. Mossman, Sche- 
nectady, N. Y. 

Richard W. Moyer, Cres- 
son, Pa. 

George J. Nebel, Grosse 
Pointe, Mich. 

Adin A. Nellis, Jr., Marcus 
Hook, Pa. 

Herbert H. Nierman, Cor- 
nelius, Ore. 

si F. Opitz, Monsanto, 


Seattle, 


Otani, Plainfield, 
Myron Pfeifer, Louisville, 


Ky. 
Robert E. Potter, Orange, 
N. J. 


Carl E. Pruiss, Ft. Wayne, 
Ind. 


James R. Randall, St. 
Albans, W. Va. 

Robert A. Reinecke, 
Lorain, Ohio 

Joseph Reis, Jr., Haddon 
Heights, N. J. 

William J. Rice, Washing- 
ton, D. C. 

Stuart H. Rider, Long- 
meadow, Mass. 

Lee W. Rivers, Jr., New 
Castle, Del. 

Andrew Robertson, 
mond, Va. 

James E. Rogers, Houston, 
Tex. 

James H. Rogers, San 
Francisco, Calif. 

Jonathan P. Rogers, Annis- 
ton, Ala. 

Glen D. Schaaf, Lorain, 

° 
Marvin Baker Schaffer, 
Brooklyn, N. Y. 


Rich- 


Louis Schiffman, New 
York, N. Y. 

Roy E. Schneider, Chicago, 


Michael C. Schultz, Terre 
Haute, Ind 

Herbert Schuyten, El 
Segundo, Calif. 

Leo A. Sears, Wilmington, 
Del. 


H. Robert Sharbaugh, 
Claymont, Del. 

Russell O. Shelton, Bartles- 
ville, Okla. 

Sal J. Silvis, Brooklyn, 
N.Y. 


John C. Simons, Jr., Pitts- 
burgh, Pa. 

Elbert C. Smith, South 
Amboy, N. J. 

Floyd S. Smith, Auburn, 
Ala. 

William H. Stein, Los 
Alamos, N. M. 

Winthrop P. Stevens, Jr., 
Charleston, W. Va. 

Edward E. Stewart, 
mond Heights, Mo. 

Herschel L. Stewart, 
Chicago Heights, Ill. 

James C. Stone, Baytown, 


Rich- 


ex. 
Richard W. Stover, 
Buffalo, N. Y. 


Lawrence E. Swabb, Jr., 
Cincinnati, Ohio 

Richard John Talamo, 
Univ. Heights, Ohio 

h P. T 
McKeesport, Pa. 

Joseph W. Taylor, Wil- 
mington, Del 

Charles W. Ternes, Baton 
Rouge, La. 

Lynn A. Treacy, Seattle, 
Wash. 

K. S. Treviranus, Ring- 
wood, Iil. 

Joseph L. ba Jr., New 
York, N 

S. L. Wang, Louis, 
Mo. 


Gustav Warner, Jr., Ham- 
mond, 

Harold E. Warren, El Do- 
rado, Ark. 

Philip J. Wendel, Bristol, 
Pa. 


Alfred H. Wendelbo, Jr., 
Minneapolis, Minn. 

William J. Whitsitt, 
Appleton, Wis. 

Edward R. Winiarczyk, El 
Dorado, Ark. 

Wooster, New York, 


H. Neil Worsham, Tulsa, 
Okla. 


Louis E. Wuelpern, Sagi- 
naw, Mich. 
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CLEAN STREAMS ARE 
BECOMING A REALITY IN 


OHIO AND PENNSYLVANIA 


THESE INFILCO TREATING PLANTS ABATE POLLUTION TO 
MEET STATE BOARD REQUIREMENTS ECONOMICALLY 


hio and Pennsylvania are making rapid strides in re- 

turning rivers and lakes to their natural state by cleaning 
up industrial plant effluents .. and Infilco Equipment is 
helping them to do it! 


The industries shown here have found the installation of 
Infilco Equipment the dest solution to their waste treatment 
problems. Many of the plants are recovering by-products 
or clarified water to defray operating expenses. Infilco can 
help you with your waste disposal problems with 57 years 
experience and a complete line of equipment for chemical 
and biological treatment. Call in the nearest Infilco field 
engineer or write to our Tucson offices. 


Bulletin 70-A describes Infilco Equipment and its waste 
treatment applications. Send for it today. 


INFILCO INC. 


TUCSON, ARIZONA 
WITH OFFICES IN PRINCIPAL CITIES 


A FEW INFILCO INSTALLATIONS 


1. Akron, Ohio—Clorifier—Rubber Wastes 

2. Cleveland, Ohio—Cyclator® —Metal Finishing 
Wastes 

3. Delaware, Ohio— Cyclotor—Plating Wastes 

4. Lockland, Ohie— Accelotor® —Plating Wastes 

5. Plain City, Ohie— Cyclotor—Plating Wastes 

6. Rockdale, Ohie— Cycictor — Asbestos Boord 
Wostes 

7. Sandusky, Ohio—Cyclotor — Metal Finishing 
Wostes 

8. Betzwood, Pa.—Cyclotor— White Water 

9. Bridgeport, Pa.—Cyciotor— White Water 

10. Conshohocken, Pa.—Cyclotor — White Water 

11. Erie, Pa.—Cyclotor—Plating Wastes 

12. Grove City, Pa.—Accelotor —Hydroblest 

oste 

13. Jobnsonburg, Pa.—Cyclator— White Woter 

14. Miquon, Pa.—Cyclotor— White Water 

15. Norristown, Pa.—Cyclotor — Asbestos Boord 

Wastes 

16. Philadelphia, Pa. —Cyclotor—Refinery Wastes 

17. Reading, Pa.—Cyclotor— White Woter 

18. Saegerstown, Pa.—Ciorifier —Tonk Cor 

Washing Wastes 
19. Spring City, Pa.—Cyclator—Bleachery Wastes 


SERVING INDUSTRY WITH WASTE 
TREATMENT EQUIPMENT THAT'S 


Engineered for 


HF WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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RATES 


wt SPARKLER 
FILTERS 


. « - frequently two to five times as high as the flow through 
filter septa lying in a different plane. 


In Sparkler filters, friction en- 
countered in high flow and high 
viscosity operations is reduced to 
a negligible factor by the free 
drainage and uniformity of cake 
provided by Sparkler’s horizontal 
plate construction. Less operating 
pressure is needed, with the result 
that the cake is less dense and 
thus offers less resistance to flow. 


Section of filter plate show- 
ing perforated metal screen, 
filter media, ond filter cake. 


Cutaway view of filter 
plates showing how cake of 
uniform thickness is built up 
on each plate. 


Write Mr. Eric Anderson 
for personal 
engineering service 

on your filtering 
problem. 


Sparkler horizontal plates per- 
mit filter media to be floated into 
position forming a cake of uni- 
form thickness. Only a thin pre- 
coat cake is necessary to assure 
brilliant clarity of the filtrate 
right from the start. ‘This means 
maximum economy of pre-coat 
material and precoating recircu- 
lating time. 


KANSAS CITY MEETING 
(Continued from page 18) 
Plant Trips 


Trips to industrial plants in the 
Kansas City area are scheduled for each 
afternoon Monday through Wednesday. 
Plants on the schedule include : 


General Mills—One of the most modern 
and up-to-date flour mills in the U. S., and 
third in size of all General Mills plants. 


Cook Paint and Varnish Co.—A leading 
manutacturer of paints, varnishes, and re- 
lated materials. 


The Hawthorne steam power generating 
station of the Kansas City Power and Light 
Co., now under construction. 


Midwest Research Institute and Linda 
Hall Library (see March Chemical Engi- 
neering Progress). 

Department of Chemical Engineering, 
University of Kansas, Lawrence, Kan. 


Standard Oil of Indiana, Sugar Creek 
refinery, and its 25,000 bbl./day fluid cata- 
lytic cracking unit. 


Sheffield Steel plant for the production 
of special steels from scrap iron. 


Corn Products Refining plant for the pro- 
duction of dextrose, corn sugar, syrups, 
starches, and related materials. 


Owens-Corning Fiberglas plant for the 
production of glass wool and fiberglas insu- 
lation. 

Procter & Gamble plant for modern pro- 
duction of synthetic detergents and soap 
products. 


On Thursday, May 17, following the 
formal meeting, an all-day trip to the 
Spencer Chemical plant near Pittsburg, 
Kan., is scheduled. Facilities will be 
shown for the production of ammonia, 
methyl alcohol, nitric acid, ammonium 
nitrate and related products. Rail trans- 
portation is available by special cars and 
a complimentary luncheon will be served 
by the Spencer Chemical Co. 

The social program includes, in addi- 
tion to the Sunday evening warm-up, a 
Tuesday evening cocktail hour and ban- 
quet with entertainment 


Ladies’ Program 


To encourage the ladies to come to 
Kansas City with their husbands a com- 
plete program has been arranged for 
their entertainment, in addition to the 
Sunday evening and Tuesday evening 
social functions. Arrangements have 
been made for a tour on Monday of 
Luziers, cosmetics manufacturers, a 
luncheon, and a tour and fashion show 
at the Donnelly Garment Co. The activi- 
ties on Tuesday include a tour of the 
William Rockhill Nelson Gallery of Art, 
a luncheon, and a visit to the Hall 
Brothers plant for the manufacture of 
greeting cards. 


(The End) 
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SECRETARY’S REPORT 


S. L. TYLER 


HE Executive Committee of the 

Institute met on March 11 at the 
Greenbrier Hotel, White Sulphur 
Springs, W. Va. The usual routine mat- 
ters of review of Minutes, receipt of the 
Treasurer's report and approval of bills 
were the first order of business. The 
candidates listed in the February Issue 
of C.E.P. with the exception of one who 
is being held for further investigation 
at the request of the Committee on Ad- 
missions, were elected to the grades of 
membership indicated. There were also 
229 applicants elected to Student Mem- 
bership. 

A. V. Forbes, J. C. Landwehr, P. G. 
McCullough, J. B. Moore and A. J. 
Wilson were added to the Suspense List 
because of their having recently entered 
the Armed Forces of the U. S. 

J. H. Perry was appointed to the Com- 
mittee on the Future of the Institute. 
F. B. West and A. W. Low were ap- 
pointed to the Local Sections Commit- 
tee; J. W. Casten, C. C. Chapman, W. J. 
Folan, E. B. Gunyou and G. W. Parks 
were appointed to the Membership Com- 
mittee and J. W. Casten and R. M. 
Hubbard were appointed to the Public 
Relations Committee. 

The following members were ap 
pointed to the committees of E.J.C. as 
representatives of the Institute: E. P. 
Stevenson (Committee on Engineering 
Sciences); L. W. Bass (Committee on 
Increased Unity in the Engineering 
Profession) ; W. L. McCabe (Commit- 
tee on Constitution and By-Laws) ; J. T. 
Cox (Committee on U. S. Civil Serv- 
ice) ; S. D. Kirkpatrick (Department of 
Defense); W. I. Burt (Labor Legisla- 
tion Panel) and W. L. McCabe ( Execu- 
tive Committee ). 

Resignations were received from four 
Junior Members. 

H. S. Isbin was appointed counselor 
of the student chapter at the University 
of Minnesota to succeed R. Stephenson. 

The Council of the Institute met at 
the Greenbrier Hotel, White Sulphur 
Springs, W. Va., on March 11, 1951. 
Minutes of the Executive Committee 
and Council meetings were approved. 

C. G. Kirkbride, chairman of the 
Membership Committee, reported on the 
activities and future plans of his com 
mittee. He reported that satisfactory 
results were being obtained through the 
cooperation of membership committees 
in the local sections, many of which are 
just getting started with their activity 
so that even better results may be ex- 
pected in the future. 

The budgets of both the Institute and 
C.E.P. were reviewed in the light of 
actions taken since Jan. 1 and approved. 
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MAGHETISM 
IN AUSTENITIC 
STAINLESS STEEL 


NORMAN S. MOTT 
Chief Chemist and Metallurgist 


Ix THE normal specification 
range for the 18-8 chromium-nickel 
stainless steels, especially when the 
carbon is low, ferrite and the re- 
sultant magnetism will often be 
found, It must not be construed, 
however, that this condition is det 
rimental to the properties of stain- 
less steel; in fact, in many cases 
it is highly desirable. 


The fully austenitic stainless 
steels, when heated in the carbide 
precipitation range (900-1600° F.) 
have their carbon precipitated as 
chromium carbide along the grain 
boundaries. This depletes the 
boundaries of chromium with the 
result that the alloy becomes sus- 
ceptible to intergranular corrosion. 


When alloys containing amounts 
of ferrite from 5-15% are heated 
in this temperature range, it is 
found that carbides tend to form 
predominantly in the ferrite areas. 
Since these areas are disconnected 
and well distributed, the condition 
does not promote intergranular 
corrosion. 


Stainless steels with free ferrite 
up to 30% in amount retain good 
mechanical properties, although 
they show a slight decrease in duc- 
tility and toughness. Their strength 
and hardness are increased. 


Estimation of the presence and 
approximate amount of ferrite may 
be accomplished by the use of a 
phase diagram based upon nickel 
and chromium equivalent values.* 
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The nickel and chromium equiva- 
lent values are computed by the 
equations : 


Nit=Ni%+0.5 Mn%+30 C% 
Cre = Cr%+Mo% + 
1.5 Si%+0.5 Che 
The boundary line between fully 
austenitic alloys and those which 


contain ferrite is expressed by the 
equation : 


(Cre — 16)? 
12 


+12 


When a higher percentage of 
nickel is specified in type 316 moly 
bearing alloys in order to make 
them completely austenitic in struc- 
ture, they become susceptible to 
intergranular corrosion, and if 
they are to be heated in the carbide 
precipitation range, as would occur 
during welding, additions of col- 
umbium are required to counteract 
this susceptibility. 


Molybdenum additions to 18-8 
stainless make the alloy magnetic 
due to the formation of ferrite, and 
existing data have shown that the 
presence of this ferrite does not 
interfere with the high corrosion 
resistance of the alloy. In_ this 
form, it enjoys a wide range of 
usage where excellent resistance 
to corrosive media and the effects 
of welding heat are required. 


* A. L. Schaeffler, Metal Progress, 
November, 1949, p. 680-B 


Available on Request 
Copies of this article, printed on 
heavy stock and in form convenient 
for filing, will gladly be sent to you, 
without obligation, in small quanti 
ties. You will find this excellent for 
answering problems that arise con 
cerning the subject of magnetism in 

stainless steel 
Address your 
requests to 


Publicity 

oo ER Dept., The 
Cooper Alloy 

LLOY Foundry Co. 


Steiniess Stee! Hillside 5, 
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DURASPUN| 


make ; 
it more resistant to abrasio 
sion 
More resistant to Molte 
n 


*+.to Minim: 
nimize “pick yp» 


This is a treatment we developed in our own laboratory 
and foundry to meet special conditions for certain furnace 
operations. Normal high alloy castings would withstand the 
heat all right but abrasion, erosion and pick up were some- 
thing else again. The ‘‘Duralized" Rolls solved the problem. 

While you may not need a high alloy casting calling for 
the Duralizing treatment, you may have a high alloy casting 
problem. We'll be glad to study it with you and recommend 
the alloy and type of casting best for your requirements. 


THE UU MALU COMPANY 


Office and Plant: Scottdale, Pa. - Eastern Office: 12 East 41st Street, New York 17,N.Y. 


Supply Co 1744 McCormick Building 
METAL GOODS CORP: Dallas + Denver * Houston + Kansas City - New Orleans « St. Louis « Tulsa 
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LOCAL SECTION 


TEXAS PANHANDLE 


A meeting was held at Bunavista, 
Tex., Feb. 14 at which W. B. Polk and 
C, C. Chapman were appointed chairmen 
of the public relations and membership 
committees, respectively. 

The business session was followed by 
a talk by W. H. Plowman of Goulds 
Pumps, Inc. He discussed problems re- 
lated to the installation and operation of 
centrifugal pumps. 

At a previous meeting Andries Voet, 
director of ink research, J. M. Huber 
Corp., spoke on “Printing Ink.” His talk 
gave an insight into the problems in- 
volved in the research, mechanical appli- 


| cation and properties of printing inks. 


| 


The officers of this section are as fol- 
lows: 


Chairman N. D. Steele 
Vice-Chairman ..R. E. Weis 
Secretary... H. W. Hennigan 
Treasurer . ..P. C. Husen 
Directors.. orsyth 

and W. B. Polk 


Reported by HW. B. Polk 


WASHINGTON CHEMICAL 
ENGINEERS’ CLUB 


About 45 members and their guests 
attended the March 9 meeting, held at 
the Naval Gun Factory. The main fea- 
ture of the evening was a sound film by 
Richard L. Tuve, Naval Research La- 
boratory, on “Navy Experiments in 
Fighting Large Oil Fires.” Mr. Tuve 
showed the development of a stable pro- 
tein emulsion which could be pumped 
into flaming tanks of oil beneath the 
surface and blankets the fire. 

Officers elected for the 1951-52 year 
are: 

President—R. VD. Sheeline, Navy Bu- 

reau of Ordnance 

Vice-President—W. 

G-4 

Treasurer—-W. D. Kavanaugh, Amer- 

ican Cyanamid Co. 

Secretary—D. P. Herron, Atlantic Re 

search Corp. 


Reported by D. P. Herron 


T. Read, Army 


ST. LOUIS 


The section held its meeting Feb. 20 
at the York Hotel. R. L. Geddes ot 
Stone and Webster Engineering Corp., 
Boston, talked on “Capacity and Eff 
ciency of Fractionators.” He particu- 
larly stressed the effect of foam on the 
operation of bubble-plate columns, and 
said that it has been shown that foam 
causes a high friction loss. In years 
past this fact was often not recognized. 


Reported by A. T. Pickens 
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NEW JERSEY 
Filtration Symposium 


An all-day technical symposium will 


be presented by the New Jersey Section | 
at its annual meeting May 8, 1951, in the | 
Hotel Essex House, Newark, N. J. The | 


morning session, beginning at 9:00 a.m. 
will be comprised of four papers on the 
theory and practice of filtration. Recent 
theoretical advances, selection of filters 


and filter cloths, and feed preparation | 


will be discussed by S. A. Miller, Uni- 
versity of Kansas, H. P. Grace, DuPont 
Co., E. G. Smith, consultant, and C. 
Fuhrmeister of Oliver United Filters. 


A luncheon and business meeting will | 


precede the afternoon session, which will 


consist of four general presentations. | 


M. Coler of the Markite Co. will talk 
on protective coatings. The manufac- 
ture of cold rubber will be the subject 
of a talk by G. E. Shriver, U. S. Rubber 
Co. T. P. Forbath, Chemical Construc- 
tion Corp., will describe the new sul 
furic acid process; and finally G. N. 
Harcourt, of Buflovak will discuss at 
mospheric and vacuum drum drying. 


Reported by D. A. Levenson 


LOUISVILLE 


At the April 10 meeting of this sec- 
tion Calvin J. Kummer of the Carrier 
Corp. spoke on “Industrial Refrigera- 
tion.” Mr. Kummer is now sales engi- 
neer of the Cincinnati office of the 
Carrier Corp. 

He discussed types of industrial re- 
frigeration machines and their applica- 
tions. 

At its March meeting the section 
heard Charles Cusik of the Brown In- 
strument division of the Minneapolis 
Honeywell Regulator Co. speak on 
“Flow Meter Application.” Mr. Cusik 
drew upon his 23 years’ experience in 
the design and application of flow meters 
and used slides to illustrate the many 
applications of flow meters. 


Reported by S. D. Neely 


DETROIT JUNIOR GROUP 


This section held a meeting March 7, 
1951, in the Junior Room of the Rack 
ham Memorial. Thomas H. Vaughn, 
vice-president of Wyandotte Chemicals 
Corp., gave a talk entitled, “Economic 
Evaluation of Research Projects.” He 
emphasized the effect of the project on 
the health of the entire organization 
Dr. Vaughn then illustrated with a 
hypothetical research program and a 
hypothetical company and then demon- 
strated the general procedure that 
Wyandotte uses in its continuus evalua 
tion of its research projects. 


Reported by W’. W. Jones 
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Lapp 
AUTO-PNEUMATIC 
PULSAFEEDER 


piston-diaphragm 


chemical metering pump 


with automatic 


output control 


For automatic metered pumping of corrosive or “hard-to- 
handle” chemicals, the Lapp Auto-Pneumatic Pulsafeeder 
offers new accuracy, efliciency and dependability. Applicable 
to all pneumatic or electro-pneumatic instrumentation, the 
Auto-Pneumatic Pulsafeeder provides automatic metering in 
response to variable flow, pH, temperature, liquid level, pres- 
sure, or other processing variables. The Pulsafeeder accom- 
plishes this with a pump that operates at a constant pumping 
speed; variable flow results from variation only in piston stroke 
length, controlled by the pneumatic cylinder. In addition, 
through a manual ratio control, means is provided for accurate 
adjustment of output rate independent of instrument air pres- 
sure changes. And the Lapp Pulsafeeder is the positive displace- 
ment proportioning pump that operates without stufling box or 
running seal. Its hydraulically-balanced diaphragm acts as a 
floating partition which isolates the chemical being pumped 
from pump parts—to protect against contamination of product 
or equipment. Entire mechanism inherently explosion-proof. 
WRITE for complete description and specifications. Lapp 
Insulator Co., Inc., Process Equipment Division, 409 Maple St., 
LeRoy, N. Y. 


PROCESS 


CHEMICAL PORCELAIN VALVES + PIPE + RASCHIG RINGS 
PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 
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HIGH PRESSURE 
PUMPS 


UP TO 30,000 PSI 


@ HYDRAULIC PUMPS—Hand - oper- 
ated and motor driven up to 30,000 
psi. 


@ HYDRAULIC PRESSURE INTENSI- 
FIERS—Up to 100,000 psi. 


@ GAS COMPRESSORS—Up to 15,000 
psi. 

@ GAS BOOSTER PUMPS—Hand-oper- 
ated and motor driven; up to 15,000 
psi. 


@ HYDRAULIC PRESSURE GENERA- 
TORS—Up to 30,000 psi. 


CIRCULATORS—Up to 6,000 


Other 
Produclt 


REACTION VESSELS 
FITTING & TUBING 
PILOT PLANTS 
INSTRUMENTS 
VALVES 


As pioneers—and still leaders—in the 
superpressure field, Aminco has on un- 
matched fund of experience which is at 


your disposal for the solution of your | 
problems. 


specific high-pressure 


Write for Catalog 406-E 


Division 


AMERICAN INSTRUMENT CO. 
Silver Spring, Maryland 


STUDENT CHAPTERS A.1.Ch.E. MEET 


Courtesy of Jack Chichester 


(Univ. of Detroit) 


The First Annual North Central Regional Student Convention was held at 


| Northwestern University, Evanston, Il., March 3. 
attended the all-da 


tour through the 


Michigan, Rose 


versity of Illinois. 


Students numbering 150 


program which included the technical paper presentation, a 

echnological Institute, a panel discussion and a dinner and 

dance in the evening. Schools represented were Universi 

western yy ey of Detroit, Notre Dame 


of Wisconsin, North- 
niversity, University of 


ytechnic Institute, Illinois Institute of Technology and Uni- 


Students winning first, second and third prizes were awarded $30, $20, and 


| A.L.Ch.E.) The winning 


$15, respectively. ($45 was donated by Northwestern and $20 by the National 
per, “Nuclear Reactors,” was presented by Robert 


Rinker, Rose Polytechnic Institute. Joseph Barbieri, Northwestern, took second 


| place with, “Preliminary Report: The Use of Cyclones in Liquid-Liquid Separa- 
| tions and Extractions.” Third place was awarded to Keith McHenry, Universi 


of Illinois, whose paper was entitled, “Preparation of Triaminoguanidine.” A 


| three students were presented with certificates donated by the National A.I.Ch.E. 
| The first two winning students were also awarded one-year subscriptions to 


Chemical Engineering Progress. The above picture shows Robert Rinker receiving 
from L. F. Stutzman, chairman, chemical engineering department, Northwestern, 


| of the 


RHODE ISLAND SOCIETY 
OF CHEMICAL ENGINEERS 


At the March meeting Col. Reuel C. 
Stratton, supervising chemical engineer 
for the Travelers Insurance Co., talked 
on, “Insurance—A Phase of Chemical 
Engineering.” 

At the February meeting Austin C. 
Dailey, air pollution engineer for Provi- 
dence, gave a talk entitled, “Problems of 
Air Pollution Control.” Mr. Dailey dis- 
cussed the progress which has been made 
in the Providence area in this matter. 


Reported by W. L. Towle 


PHILADELPHIA- 
WILMINGTON 


The fifth meeting of the 1950-51 sea- 
son was held at the Clubhouse Hotel, 
Chester, Pa., March 13, 1951. Attend- 
ance at the dinner was 46 members and 
guests; approximately 80 persons were 


present at the meeting that followed. 


The speaker of the evening was Dr. 


P. D. Zemany of the Research Labora- 


Chemical Engineering Progress 


| the plaque made by the students at Northwestern. The plaque is a brass casting 
L-LChE. shield mounted on mahogany. 


tory, General Electric Co., Schenectady. 
His talk titled, “The Mass Spectrometer 
in Industry,” covered the principles of 
operation, limitations and advantages. 

Reported by William E. Osborn 


CHICAGO 


This section held its annual social 
meeting at the Furniture Club of Amer- 
ica March 21. After dinner, Dr. Norris 
Shreve of Purdue University spoke on 
“Gems and Their Beautifying Quali- 
ties." He exhibited a portion of his col- 
lection of gems and jewelry. 

This section met Feb. 21 in the 
Western Society of Engineers’ suite for 
dinner, and to hear E. A. Ravenscroft, 
director of engineering for Abbott La- 
boratories, speak on “Manufacturing 
Problems in Producing Pharmaceuti- 
cals.” After his talk, he introduced J. C. 
Sylvester, manager of antibiotic re- 
search, who described various methods 
used in discovering and developing anti- 
biotics. 

Reported by Thorpe Dresser 
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As listed in the Local Section Calen- 
dar published in the March issue of 
C.E.P. page 53, a symposium, the first 
sponsored by the Boston Section, 
A.1.Ch.E., was scheduled for April 18, 
1951, at the Hotel Lenox, Boston. The 
program included : 

An afternoon session devoted to 
talks from four speakers, each repre- 
senting a different area of industrial 
management; an attempt to be made 
by each to enumerate those character- 
istics which best fit an engineer for 
a managerial position; each to com- 
ment on the steps that his organization 
is taking toward further development 
of the engineer’s “executive poten- 
tial.” These speakers and their re- 


spective fields, are: POSITIVE 
Earl P. Stevenson, president, Arthur 
D. Little, Inc., Cambridge, Director, $s H U T- ° FF BY 
A.1.Ch.E.—Research and Develop- ONE MAN IN 
ment | 
W. F. Ryan, engineering manager and | o NEM IN U T & 
vice president, Stone & Webster 
without pipeline 


Engineering Corp., Boston—Engi- 
neering 


R. M. Couguilette, manager, rubber movement! 
specialties division, Dewey & Almy ‘ 
Chemical Co., Cambridge—Produc- Hamer RIGID Line Blind Valves solve the problem of effecting a positive 
aioe blind shut-off in piping installations where endwise movement of the line is 
J. L. Gillis, vice-president, Monsanto impossible. Now, for the first time, the advantages of the safe, speedy, one-man 
Chemical Co., and general manager, | operated Hamer system of blinding can be incorporated in rigid pipe lines and 
organic chemicals division, St. Louis, manifolds in refineries, process plants, and on ship board, as original equipment 
Mo. in new installations, or as replacement of existing valves. 


A round-table discussion moderated 
by C. A. Stokes, director of research 
and development, Godfrey L. Cabot, 
Inc., Boston, followed by a get-to- 
gether and dinner. 

A keynote address by T. K. Sher- 
wood, dean of engineering, M.LT. 
Cambridge, as a conclusion. Dr. 
Sherwood to analyze the question of 
“Executive Potential” from the point 
of view of the engineer-educator; to 
compare and contrast the training 
methods employed by industry with 
those used by educational institutions, 
and to discuss the steps which the 
young engineer himself can take to 
enhance his opportunities for a future The Internal 
in management. 


Reported by Laurent Michel | 
SOUTHERN CALIFORNIA 


New Internal Expansion Feature 


Face-to-face dimensions of Rigid Line Blind 
Valves conform to A.S. A. Standards for 
steel wedge gate valves and are not changed 
when releasing or sealing off the spectacle 
late. An internal sliding sleeve, actuated 
be a ball-bearing mounted ring gear, takes 
- movement and eliminates spreading 
ine. 

Examine the cross section and you'l! see 
these other important features. Enclosed 
plate slot—eliminates loss of product, mess : 
and fire hazard for fluid can't spill while ; 
plate is being reversed. ¢ Rigid body —un- 
affected by misalignment or line strains. : 
e All working parts enclosed—packed in grease f 

t 


for smooth action; sealed against line fluid. 
© Positive shut-off or full-open fluid passage — 
ect) nothing like a Hamer Line Blind 
ve for positive action, operatio 
long service and SAFETY. 


the movement 


The March 20 dinner meeting was hited’ Seatt 

held at the restaurant of the C. F. below: Tyee hand wheel. 2 — 
; members and guests attended and heard : = 
; Edward Glaser, member of Rohrer, 
; Hibler and Replogle, psychoanalytical 
consultants to management firm, present | —ae 

an outline of their management guid- 2 4 ~ 


ance program. Dr. Glaser explained 
that the firm’s main objective is to pro- i ’ 
vide management with a measurement 
of the personality characteristics, stature 
and potential of key personnel. 
Reported by G. S. Peterson 
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BOSTON (Ichthyologists) 
Symposium—“The Engineer in 
Management” MER 
— 
New HA f 
ID P 
LVES operated eee 
IND VA 
LINE BL no wedges: 
(Patented) 
— 
{ 
q 
i 
- 
LINE BLIND VALVES 
|, LONG CEACH 6, CALIFORNIA 
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3 Months 
to Life of 
Nylon Filter Cloth 


This large chemical plant had already 
boosted filter cloth life from one to 
eight weeks by switching to FEON 
nylon on scraper filters. But that didn't 
satisfy the FEON applications engi- 
neer. He suggested adding a pacduck 
of FEON-299 nylon under the cloth. 
Result: life of the filter cloth was fur- 


ther increased to 21 weeks! 


This is just one of many cases where 
FEON engineering—plus the longer life 
of FEON fabrics—have saved extra 
dollars. We'll be glad to make specific 


recommendations for you, too. 


FEON FITS Your FILTER 


Strong, chemical-resistant synthetic 
cloths are made by Filtration Fabrics 
Division to fit all makes of vacuum and 
Pressure filtration equipment. Choose 
from wide variety of materials and 


weoves. 


FILTRATION FABRICS DIVISION 
Filtration Engineers, Inc. 
| 155 Oraton St., Newark 4, N. J. 


We'd like more facts on 
| FEON cloth for: 


| Type of Filter 
Size . 
| Chemical Conditions 


COMPANY .. 
ADDRESS 
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FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 


Chairman of the AJI.Ch.E. Program Committee 
Walter E. Lobo, The M. W. Kellogg Co., 225 Broadway, New York 7, N. Y. 


MEETINGS 


Kansas City, Mo., Hotel President, 
May 13-16. 1951. 

Technical Program Chairman: 
Walter W. Deschner, J. F. 
Pritchard Co., Kansas City, Mo. 


Rochester, N. Y., Sheraton Hotel, 
Sept. 16-19. 1951. 

Technical Program Chairman: D. E 
Pierce, General Aniline & Film 
Corp., 230 Park Ave., New York, 
N. Y. 


Annual— Atlantic City, N. J. 
Chalfonte-Haddon Hall Hotel, 
Dec. 2-5, 1951. 

Technical Program Chairman: 
Frank J. Smith, Pan American 
Petroleum & Transport Co., 122 
East 42nd St., New York 17, N. Y. 


Atlanta, Ga., Feb. 17-20, 1952. 

Technical Program Chairman: H. E 
O'Connell, Ethyl Corp., Box 341, 
Baton Rouge, La. 


French Lick, Ind. French Lick 
Springs Hotel, May 11-14, 1952. 
Technical Program Chairman: W. 
W. Kraft, The Lummus Co., 385 
Madison Avenue, New York, 

N. Y. 


Chicago, 
4-6, 1952. 
Technical Program Chairman: 
George C. Lamb, Chem. Eng. 
Dept., Northwestern University, 

Evanston, III. 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec. 
7-10, 1952. 

Technical Program Chairman: R. L. 
Savage, Dept. Chem. Eng.. Case 
Inst. of Tech., Cleveland 6, Ohio. 


SYMPOSIA 


Reaction Kinetics 

Chairman: B. W. Gamson, Great 
Lakes Carbon Corp., 333 N. Mich. 
Bivd., Chicago, Ill. 

Meeting—Kansas City, Mo. 


Palmer House, Sept 


Safety in Chemical Plant Oper- 
ations 

Chairman: Matthew M. Braidech, 
The National Board of Fire Un- 


derwriters, 85 John Street, New 
York, N. Y. 
Meeting—Kansas City, Mo. 


Light Hydrocarbon Processing 
Chairman: Harold Legatski, 1532 
Osage Ave., Bartlesville, Okla. 

Meeting—Kansas City, Mo. 


The Effect of Company Finances 
on Engineering Expansion 

Chairman: J. R. Riley, Jr., Spencer 
Chem. Co., 610 Dwight Bldg., 
Kansas City, Mo. 

Meeting—Kansas City, Mo. 


Maintenance 

Chairman: D. E. Pierce, General 
Aniline & Film Corp., 230 Park 
Ave., New York, N. Y. 

Meeting—Rochester, N. Y 


Industrial Applications of Photog- 
raphy 

Chairman: Carl Gath, Eastman Ko- 
dak Co. Kodak Park Works, 
Rochester, N. Y. 

Meeting—Rochester, N. Y. 


Round Table Discussion of 
Chemical Engineering Educa- 
tion 

Chairman: W. E. Giit, Tennessee 
Eastman Corp., Kingsport, Tenn 

Meeting—Rochester, N. Y 


Opportunities in Sales for Chemi- 
cal Engineers 

Chairman: F. J. Curtis, Monsanto 
Chem. Co., 75 Rust Bidg., 1001 
15th St. N.W., Washington 5, D.C. 

Meeting—Atlantic City, N. J 


Chemical Engineering Funda- 
mentals 

Chairman: W. C. Edmister, Chem. 
Eng. Dept., Carnegie Inst. of 
Tech., Pittsburgh 13, Pa. 

Meeting—Atlantic City, N. J. 


Rapid Reading - and - Effective 
Speaking 

Chairman: L. P. Scoville, Jefferson 
Chem. Co., 711 Fifth Ave. New 
York 22, N. Y. 

Meeting—Atlantic City, N. J. 

Vacuum Engineering 

Chairman: W. W. Kraft, The 
Lummus Co., 385 Madison Ave- 
nue, New York, N. Y. 

Meeting—French Lick, Ind. 


Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E 
should first query the Chairman of the A.I.Ch.E. Program Committee, Walter 
E. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress. and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman of the symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman if no 
a is involved and the other three copies should be sent to the Editor's 
office. Manuscripts not received 70 days before a meeting cannot be considered 
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SYMPOSIUM— 
“ION EXCHANGE” 


At the symposium on “The Industrial a : . 4 Ss e . e 


Application of Ion Exchange,” to be 
held at the Mellon Institute, Pittsburgh, 
Pa., April 20, G. F. D’Alelio, vice-presi- 
dent and director of research, Koppers 
Co., Inc., will make a few introductory 
remarks. As announced previously seven 
papers will be presented. Papers now 
included in the final program not men- 
tioned in the March issue of C.E.P. in- 
clude the following: 


Some Applications of Ion Exchange in 
the Dairy Industry—/:. /. Almy, Col- 
lege of Agriculture, Ohio State Uni- 
versity, Columbus, Ohio 


(H. E. Otting’s paper on the manu- 
facture of special milk products is not 
included in the final program.) 


R f Metal E 
, dependent on a 


York, N. Y. | | $300 heater! — 


Domestic of Ion Echange-—- 
—G. lumb, Culligan Zeolite Co., 
Tu. 


Purification of Organic Chemicals by Ion 
Exchange—F. H. Kahler, Illinois Wa- 
ter Treatment Co., Rockford, Ill. 


ona. 


Any number of elaborate and expensive processes can be cited 
where the success of the process depends upon the continuity of 

The speaker at the luncheon at Hotel performance of a single heat exchanger unit. If the unit is shut 
Webster Hall is John F. Laboon, chair- | gown, the process is shut down, That is why Tantalum Heaters are 


man, Allegheny County Sanitary Au- 
thority so important where acid corrosion is involved. 


This one-day meeting is being spon- ype 
sored by the Akron, Central Ohio, Cleve- THROUGH SLOTTED 
land, Ohio Valley, Toledo, and Pitts- 
burgh sections of A.I.Ch.E. 


Reported by H. L. Kellner 


ROCHESTER CONDENSATE OUTLET 


The wecting ws che UFANSTEEL ACID-PROOF TANTALUM BAYONET HEATERS) 


joint meeting with the Student Chapter 

and was held at the University of 

Rochester in Lattimore Hall March 20. Tantalum combines the physical properties of steel 
Sidney D. Kirkpatrick, vice-president with the chemical properties of glass ... the results, 

of McGraw-Hill and editor of Chemical speed in heat transfer, acid-proof—for most acid so- 

Engineering, talked on Communication, lutions and corrosive gases or vapors, and freedom 


the Chemical Catalyst. He pointed out 
the value of writing ability in a chemical USE TANTALUM WITH from th i chock. Fanstecl Tantalum Heaters heat 


engineering career. At a dinner held at ECONOMY for most acid faster — save time, fuel and space — have a long life 
the Faculty Club 58 were present and ectetiom, cowedve ques expectancy — give freedom from product contamina- 
or vepors; not with HF, 
75 were present at the meeting. elbelic or substonces tion due to corroded equipment. 
The fourth meeting of this section containing tree SOx. For consultation on any corrosion or heat transfer 
was held Feb. 21. problem where Tantalum can be economically used to 
The main speaker of the evening was Ser 
- dns ~ bulletins on Tontolum Acid- your advantage, consult Fansteel engineers...they are 
James Hagy of the C. F. Braun Co., Proof Chemico! Plont ot your services, © ati 
who explained certain principles of his Equipment urg orporation, 
company. This was followed by the orth Chicago, Illinois, U.S. A. 
showing of a film on bubble-cap con- 
struction. 
There were about 100 Present at the a n 4 ee 
meeting and 26 at Lorenzo’s for the 12403-C 
dinner preceding the meeting. Acid Proof 


| THAT SERVES 
Reported by O. J. Britton a t 
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Nicholson Makes 
Freeze-Proof Steam Traps 


A 


minimum heat-up time. The 
non-air-binding feature of 
Nicholson traps 
also notably fa- 
cilitates steam 
transfer in severe 
weather. 


TYPE AHV 


for Every Plant Use 


Because they drain completely when cold, these four types of Nichol- 
son steam traps are positively freeze-proof. Can be freely installed 
outdoors. Universally recommended for use 
in lines which need not be in continuous 
use during cold weather, because they are 
freeze-proof and because their 2 to 6 
times average drainage capacity results in 


Four types: size 
V4" to 2”; press. 
fo 225 Ibs. BUL- 


Au LETIN 450. 


HIGH-PRESSURE FLOATS—Stainless, monel, steel 
or plated steel. Welded. In all sizes and shapes; for 
operating mechanisms and as tanks or vessels. 2-day 
delivery. BULLETIN 650. 


% W. H. NICHOLSON & CO., 214 Oregon St., Wilkes-Barre, Pa. 


COUNTERS 


WITH PRINTING RECORDERS 


COUNT AND RECORD 
Y TIME AND QUANTITY 


Whenever you want to 
count objects or time 
intervals and get a rec- 
ord of the count, use 
a Streeter-Amet Scien- 
tific Counter. 


IT COUNTS AND RECORDS: 


Sheets in a bundle— 
Lengths in a roll of wire— 
Pills or packages going into 
a bottle or box—Intervals 
of time—Changes in elec- 
trical intensity—or what- 
ever is your particular 
counting 

problem. 


Write for 
interesting 
booklet SC 27 


WEIGHT 
SCALES HI SPEED COUNTERS 


STREETER-AMET COMPANY 


N BAVENSWOOO ave CHICAGO 1) 


COMPLETE 
ISSUES 


for 
975 


Never thicker than its contents, this 
binder expands to hold 12 issues of 
Chemical Engineering Progress. 

No drilling, no punching, does not 
mar magazines. 

Available for all years, with Chemical 
Engineering Progress, volume number 
and year stamped in gold on the back- 
bone. Delivery 4 to 6 weeks. 

Enclose check or money order. 
Use coupon below for order 


CHEMICAL 
120 E. St. 
New York 17, N. Y. 


binder(s), 
wing 


| Gentlemen: | enclose $..__ for 
| @ $2.75 each, for each of the follo: 


COLUMBIA VALLEY 


This section held a meeting March 8 
in Richland, Wash. In the local section 
technical paper contest J. M. Atwood 
presented his winning paper, “An Ex- 
perimental Investigation of Heat Trans- 
fer Coefficients from Metal to a Bed of 
| Fluidized Solids.” His prize was a 
year’s membership in the A.LCh.E., the 
national society and in the local section. 
The contest was the first held by this 
section and was opened to Junior mem- 
bers and those eligible for same. 

W. I. Patnode, assistant to the gen- 
eral manager on technical and educa- 
| tional matters, nucleonics department, 
General Electric Co., completed the 
program with a talk. Dr. Patnode’s talk 
was titled, “Professional Activities.” 

At the Feb. 9 meeting at the Desert 
Inn in Richland, Lloyd Berg, head of 
| the department of chemical engineering 
| at Montana State College, gave a talk 
on “Synthetic Fuels.” Dr. Berg covered 
the technical and economic aspects of 
the production of synthetic liquid fuels 
from coal, natural gas and shale oil. 


Reported by H. A. White, Jr. 


NORTHERN CALIFORNIA 


This section held its monthly meeting 
at the Engineers’ Club in San Francisco 
March 5. The speaker of the evening 
| was Frederick Sawyer, who directs the 
air and water pollution research pro- 
gram being carried out by Stanford 
Research Institute at Stanford, Calif. 

His subject was smog, what it is, 
where it comes from and what can be 
done about it. Dr. Sawyer pointed out 
that smog is generally a mixture of 
atmospheric contaminants not all of 
which are visible. He declared that leg- 
islation has been enacted in a number 
of cities by local or state action to allev- 
iate smog and declared that private in- 
dustry can best avoid excessive regula- 
tion by taking the initiative to reduce 
the output of contaminants from indus- 
trial operations. 


Reported by J. V. Hightower 


EL DORADO 


The second dinner meeting of this 
section was held Feb. 16, at the Garrett 
Hotel in El Dorado, Ark., with 72 mem- 
bers and guests in attendance. Henry D. 
Noll, a _ petroleum engineer and 
manager, engineering and_ technical 
service division, Houdry Process Corp., 
gave an address entitled, “Houdriflow 
Cracking as Applied to a Modern Re- 
| finery.” 
| Mr. Noll traced the development of 
| catalytic cracking and explained the ad- 
vantages of catalytic cracking over 
thermal cracking in a modern refinery. 


i Reported by R. L. Alexander 
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CHARLESTON, W. VA. 


A general meeting of this section was 
held at the Charleston Recreation Center 
Feb. 27, 1951. David D. Moore of the 
Battelle Memorial Institute spoke on 
“Economics of Future Fuel Supplies.” 
Mr. Moore has specialized for several 
years on the economics of fuels, includ- 
ing coal, natural gas, and petroleum. 
Members of the Kanawha Coal Opera- 
tors Association, A.S.M.E., A.1.M.E., 
and A.C.S. were invited to attend. 

Mr. Moore outlined such economic 
factors as costs, uses, supplies, reserves, 
transportation, location, for the three 
fuels coal, natural gas, and petroleum. 
In general, Mr. Moore concluded that 
coal was in the best position for future 
growth in the next 20 years, petroleum 
would level off and possibly shrink, and 
natural gas would grow slightly. 


Reported by M. C. Guthrie, Jr. 


CENTRAL OHIO 


Officers 
elected are: 


this 


for section recently 


( hairman ' E. A. Beidler 
Vice-Chairman... ........ J. W. Clegg 
Seeretary-Treasurer..C. }. Geankoplis 
Executive Committee. A. W. Davison 
W. B. Kay 
K. S. Jacobs 


B. W. Gonser, assistant director, 
Battelle Memorial Institute, talked on 
March 28 in the Chemistry Building 
of Ohio State University on “Recent 
Advances in Chemical Metallurgy.” He 
described the newer chemical processes 
for recovering the less common metals 
such as titanium and zirconium. Dr. 
Gonser is chairman of the rare metals 
committee of the Electrochemical So 
ciety and American manager of the Tin 
Research Institute. 


Reported by C. J. Geankoplis 


TERRE HAUTE CHEMICAL 
ENGINEERS CLUB 


The speaker at the March 20 meet- 
ing was W. H. Stark of Vulcan Copper 
and Supply whose talk was entitled, 
“Trends in the Fermentation Industry.” 
After a brief discussion of the advances 
made in recent years by the industry in 
the fermentation processes for antibiot- 
ics and vitamins, Dr. Stark covered the 
aspects of waste sulfite liquor as a raw 
material source for fermentation of al- 
cohol and butanol. 

At a previous meeting D. P. Barnard, 
research coordinator, Standard Oil Co.., 
discussed “The Principal Fuel Prob- 
lems.” Dr. Barnard gave a résumé of 
the progress made in gasoline technol- 
ogy since the beginning of the century. 


Reported by E. J. Massaglia 
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Readco Laboratory Mixers 
are Versatile... 


... Where versatility counts! 


Built in 1, 3 ond 6 quort working capacities. 


Readco Laboratory Mixers enable you to handle a variety of 
materials . . . easily and efficiently. Interchangeable arms adapt 
them to many types of laboratory use, enabling you to make 
accurate predictions for commercial production. 


Rugged Readco Laboratory Mixers are quickly disassembled for 
cleaning. Split packing glands permit easy replacement of shaft 
packing. Reversible geared head motors provide forward and 
reverse, overlapping mixing action. Large bowl trunnions sup- 


port the bowl, assuring permanent alignment. 


READ MACHINERY DIVISION 
of The Standard Stoker Company, Inc. 


Main Office and Plant: YORK, PENNSYLVANIA 
Stoker Plant Booth Plant 
ERIE, PENNSYLVANIA LOS ANGELES, CALIFORNIA 
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‘Shining 
Example | 


This 94-ft.-high petroleum 
refinery tower is, in effect, 
two process columns in one. 
It's called a “rich oil con- 
tactor-reabsorber.” It’s an 
outstanding example of the 
special structures we can 
build to meet a wide variety 
of pressure, temperature and 
vacuum conditions at pe- 
trol or chemical plant 
Write our nearest office for 
complete details. 


a 
CHICAGO BRIDGE 
& IRON COMPANY 


540 North F 
1055201 


Broodway Bidg 
Philadelphio 3 
Salt Lake City 4 . 560 West 17th South Sr 
San Francisco 4 ‘ 


Tulse 3 

Washington 6, D. C. 
Plants at BIRMINGHAM, CHICAGO, 
SALT LAKE CITY, and GREENVILLE, PA. 
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Hydrocarbons and Steam,” 


165 
1640—1700 Walnut Street Bidg. 


These seven chemical engineering students 
| meeting of student chapters of A.I.Ch.E. in the 


resented papers at the first joint 
outhwest held at Texas A. & M. 


College, Feb. 9. Left to right they are: G. H. Shoptau and J. O. Moore of the 
University of Texas; V. F. Schrader, L. T. McBeth, and W. R. Jones of Texas 
A. & M., and L. E. Westkaemper and H. W. Martin of Rice Institute. Martin and 
Shoptau won first and second prizes of $15 and $10, respectively. donated by the 


South Texas Section of A.I.Ch.E. for their papers entitled, 
and “Polyform and Gas Reversion Processes.” 


“Hydrogen from 
Mason 


Lockwood, consulting engineer of Houston, was principal speaker at a banquet 


held in connection with the meeting. 


AKRON 


The March 8 meeting at the Univer- 
sity Club with approximately 75 mem- 
bers and guests present featured a talk 
by H. W. Stoll, Taylor Instrument 
Companies, Rochester, N. Y., on “Ap- 
plication of Control Instruments to 
Equipment Used in the Chemical Indus- 
try.” He stated that chemistry and in- 
struments go hand in hand, naming the 
variables, temperature, pressure and 
differential pressure that ins.rument 
manufacturers utilize for the operation 
of their instruments. 

About 60 members 
tended the February meeting of this 
held at the Univers‘ty Club. 
Following the dinner, a coffee talk was 
presented by E. L. Ulrich who spoke on 
investments and stocks. 

The main speaker of the evening was 

T. Kidde, Hills-MeCanna Co., Chi- 
who spoke on “Saunders Patent 
Valves and the Latest Developments in 
Flow Control.” 

\ brief history of the development of 
the Saunders valve preceded its detailed 
demonstration and its operation. 


and guests at- 


section 


cago, 


Reported by Edmund Duplaga 


SOUTH TEXAS 


Members of this section participated 
in a joint meeting with the local section 
of the National Association of Cor- 
rosion Engineers Feb. 16. Two plants 
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of the Federated Metals division of 
American Smelting and Refining Co. 
located in Houston were visited in the 
afternoon. The inspection trip was fol- 
lowed by a social hour and dinner after 
which Frank L. Whitney spoke on 
“Corrosion—An Engineering Problem.” 

Mr. Whitney's present position is 
corrosion specialist, general engineering 
department, Monsanto Chemical Co., 
St. Louis, Mo. There were 113 
present at the dinner and approximately 
140 heard Mr. Whitney's talk. 


Reported by Henry D. Foster 


LOCAL SECTION CALENDAR 


NEW JERSEY SECTION: May 8, Essex 
House, Newark. All-day symposium. 
Morning Session—Filtration Papers; 
Afternoon Session—General Papers. 


SOUTHERN CALIFORNIA SECTION: 
May 15, Scully's Cafeteria, Los 
Angeles. 


TERRE HAUTE CHEMICAL ENGINEERS’ 
CLUB: Apr. 24, Commercial Solvents 
Corp. Speaker, J. H. RUSHTON, 
Illinois Institute of Technology & Mix- 
ing Equipment Co. 


WASHINGTON (D. C.) CHEMICAL EN- 
GINEERS’ CLUB: Apr. 23. Spring 
Symposium: “New Processes for Criti- 
cal Organics.” 
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TECHNICAL 
MOLYSDENUM 
TRIOXIDE 


The lowest cost raw ma- 
terial for the production 
of all Molybdenum 
compounds, including 
Molybdenum Orange, 
Molybdenum Vermilion, 
and Molybdated pigment 
colors. 


Our development department 
will gladly take up with you any 
problems involving the applica- 
tion of Molybdenum. 


Molybdenum 
Company 
500 Fifth Avenue 
New York City 
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PEOPLE 


Robert D. Scott, Jr., plant manager 
of the large polyvinyl! chloride resin 
plant at Louisville, 
Ky., has been ap- 
pointed general 
manager in charge 
of all production 
for all plants of the 
B. F. Goodrich 

Chemical Co. 
Joining B. F. 
Goodrich in 1935, 
he worked first as 
a chemist in the 
rubber reclaim division. He was trans- 
ferred to the chemical plant in Akron 
in 1936 as a chemical engineer on poly- 
vinyl chloride resin development. In 
1940 he went to Niagara Falls, N. Y., 
as manager of the company’s first vinyl 
resin plant. When the Louisville Geon 
plant was completed in 1942, he was 
then transferred there as plant manager. 
Scott was graduated from the Univer- 
sity of Kentucky in 1934 with a B.S. in 
chemical engineering and received his 
Master's degree in that subject the fol 
lowing year from Massachusetts Insti- 

tute of Technology, 


John L. Nelson will succeed Scott 

as plant manager at Louisville. He has 

been production 

manager of the 

plant. He is a 

chemical engineer- 

ing graduate of the 

University of Wis- 

consin (1939). He 

joined B. F. Good- 

rich organization 

in that year as a 

chemist in the rub- 

ber reclaim divis 

ion. He was later transferred to the 

chemical plant in Akron where he 

worked on the early development of 
Geon polyvinyl chloride resin. 

When the Niagara Falls Geon plant 
was completed in 1940 Nelson was 
transferred there as shift foreman. In 
1942 he moved to the newly activated 
Louisville Geon plant where for four 
years he served as general foreman and 
in 1946 was appointed production man- 
ager. 


William Y. Agnew, consulting chem- 
ical engineer of New York, has disposed 
of his business to R. S. Aries & Asso- 
ciates, consulting chemical engineers, 
New York. Mr. Agnew whose work 
has been in pigments, fertilizers and 
engineering design, was formerly em- 
ployed by several companies including 
National Lead, Dorr, and Imperial 
Chemical Industries. (See News item, 
this issue.) 
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the WHOLE JOB 


of REGULATING FLOW 


Here’s real simplicity in ac- 
curate control of flow volume 
—a single instrument installed 
in the pipe line, with no con- 
nected air or electric circuits. 
It naturally costs less to buy, 
and it requires a great deal less 
attention and maintenance in 
operation. 

The Kates Direct Actin 
Regulator handles water, oil, 
acids, syrups—almost any li- 
quid, in large or small volume, 
at any practical pressure or 
temperature. Send for your free 
copy of Bulletin 553, or tell us 
your problem and let us recom- 
mend a solution. 


W. A. KATES CO. 


430 Waevkegen Road 
Deerfield, Illinois 


REGULATOR 
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Detailed... 
Analytical... 


Well 


The FISCHER-TROPSCH 
RELATED SYNTHESES 


By HENRY A. STORCH, NORMA 
GOLUMBIC, and ROBERT B. ANDER. 
SON, VU. S. Bureau of Mines 

Includes a S y of Th 
cal and Applied Contact Catalysis 


A careful, critical study, based 
on hitherto unavailable German 
documents. The Fischer-Tropsch 
process synthesizes liquid aliphatic 
hydrocarbons, alcohols, fatty acids, 
and ketones by hydrogenation of 
carbon monoxide. This new boo 
gives basic chemistry, industrial 
operations, the result of catalyst 
testing, pilot plant development, and 
other information of great value in 


the development of hydrocarbon 


fact. CONTENTS 

Structure and Reactivity of Hydrogen, 
Carbon Monoxide, Iron, Cobalt, and 
Nickel and the Thermodynamics of 
the Hydrogenation of Carbon Mon- 
oxide and Related Processes. 

An Introduction to Heterogeneous 
Catalysis. 

Development of the Fischer-Tropsch 
Catalysts. 

Fischer-Tropsch Process Development. 
rocesses Related to the Fischer- 
Tropsch. 

Kinetics and Reaction Mechanism of 


the Fischer-Tropsch Synthesis. 
1951 610 pages $9.00 
Send compen sow for 18-day tree examination 
John Wiley & Sons, Inc., Dept.Cep-451 
| 440 Fourth Ave., New York 16, N. Y. 
On 10 days’ approval, send The 
Fischer-Tropsch and Related Syn- 
theses by Storch, Golumbie and Ander- 
son. I will remit $9.00 plus postage or 
return book postpaid. (Offer not valid 
outside U. 8.) 
§ Name.. 
Address 
City, Zone, State. . 
SAVE POSTAGE. We pay postage if you | 
enclose $9.00 now. Money back on same 


l return privilege. 
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| Co., and the Hycar Chemical Co. 


Manson Benedict has been appointed 
professor of chemical engineering at 
the Massachusetts 

Institute of Tech- 

nology, Cambridge. 

Dr. Benedict, who 

goes to M.I.T. to 

expand and 

strengthen the edu- 


: cational program 
in nuclear’ engi- 


neering, will join 

the staff on July 1. 

With his appoint- 
ment the Institute plans to organize a 
formal program of education in nuclear 
engineering, initially at the graduate 
level. 

Dr. Benedict received a Ph.D. in 
physical chemistry from M.1.T. in 1935. 
From 1938-42 he worked with the 
M. W. Kellogg Co. and from 1942-46 
was associated with Kellex Corp. in 
charge of the process design of the 
gaseous diffusion plant for the concen- 
tration of Uranium-235 which was built 
for the Manhattan Project at Oak 
Ridge, Tenn. In 1946 he was chairman 
of the Technical Committee on the Con- 
trol of Atomic Energy of the War De- 
partment. 

Prior to his return to the Institute, 
Dr. Benedict was director of process 
development for Hydrocarbon Research, 
Inc. Dr. Benedict is a member of the 
Atomic Energy and Research Commit- 
tees of A.I.Ch.E. He is the author of 
numerous scientific papers on hydrocar- 
bon thermodynamics, separation proc- 
esses, and physico-chemical measure- 
ments. He received the Walker Award 
of A.LCh.E. for his publications on 
extractive and azeotropic distillation. 


BOYD VISITING 
PROFESSOR AT COLUMBIA 


James H. Boyd is visiting professor 
of chemical engineering, teaching in the 


| present spring session at Columbia Uni- 


versity, New York. A consulting chem- 
ical engineer since 1947, Dr. Boyd is a 
specialist in the commercialization of 
chemical research and its coordination 
with manufacturing and sales. 


A graduate of Kenyon College, 


| Massachusetts Institute of Technology, 
| and University of Pennsylvania, he has 
| been a member of M.LT. staff, has been 


associated with the Atlantic Refining 
Co., Du Pont Co., Phillips Petroleum 
Dur- 
ing the war Dr. Boyd participated in 
the synthetic rubber program, assisting 
in patent and contract negotiations and 
also served on numerous technical com- 
mittees. 

Dr. Boyd, the author of numerous 
articles for technical publications, holds 
a number of patents in such specialties 
as gasoline manufacture, extraction of 
lubricating oils, etc. 
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FORRESTER, SWEARINGEN 
CHANGE WITH STANOLIND 

J. H. Forrester became manager of 
Stanolind Oil and Gas Co.'s central di- 
vision Feb. 1. He replaces J. E. Swear- 
ingen, division manager in Oklahoma 
City for the past year, who returns to 
Tulsa as executive assistant to A. L. 
Solliday, executive vice-president. 

Mr. Forrester has been manager of 
Stanolind’s manufacturing department 
since Jan. 1, 1947. In that capacity, he 
directed a plant expansion program that 
saw the construction of seven new 
natural gasoline and recycling plants in 
the three-year period from 1948-50. 
Design and construction of Stanolind’s 
new synthetic chemicals plant at 
Brownsville, Tex., was also under his 
supervision. He joined Stanolind in 
1946. Previously, he had been associate 
director of research and director of 
technical service for Standard Oil Co. 
(Indiana). Mr. Forrester was gradu- 
ated from the University of Wisconsin 
with a B.S. degree in chemical engineer- 
ing in 1928. He also holds an M.S. in 
chemical engineering from Massachu- 
setts Institute of Technology. 


DAVIS HEADS CHEMI- 
CALS DIV. OF O.P.S. 

Appointment of Clark Warren Davis 
to head the rubber, chemicals and drugs 
division of the Office of Price Stabiliza- 
tion was announced last month by 
O.P.S. Director Michael V. DiSalle. 

Mr. Davis goes to O.P.S. from the 
Du Pont Co., Wilmington, where he has 
been assistant general manager of the 
Grasselli chemicals department since 
1942. The new division director has 
been with Du Pont since 1917, when he 
began as a chemist with the company’s 
Eastern Laboratory. In 1928 he became 
a special assistant with the explosives 
department, Wilmington, and in suc- 
ceeding years held a number of execu- 
tive positions with that department. 

Mr. Davis, a native of Gilmore, Neb., 
is a graduate of Swarthmore (Pa.) 
College, with a B.S. in chemical engi- 
neering (1917). 


Bradley Dewey, Jr., was recently 
elected vice-president of Dewey and 
Almy Chemical Co., Cambridge, Mass., 
in charge of the Cryovac division. Dr. 
Dewey has been in charge of Cryovac 
operations since last August. The di- 
vision, which has a plant in Lockport, 
N. Y., and another under construction 
at Cedar Rapids, Ia. manufactures 
Cry-O-Rap plastic bags which are 
widely used for packaging frozen meat, 
poultry and fish and smoked and treated 
pork products. Graduated from Har- 
vard in*1937, and M.LT. in 1940, Dr. 
Dewey, who organized the company’s 
product development, has been with 
Dewey and Almy since his return from 
the armed forces in 1945. 
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Thonet C. Dauphiné has been ap- 
pointed manager of sales development 
of Hooker Electro- 

chemical Co., Nia- 

gara Falls, N. Y. 

Dr. Dauphiné has 

been associated 

with the Oronite 

Chemical Co. since 

1946 eastern 

manager of prod- 

uct development 

and prior to that 

was a supervising 

engineer for the California Research 


COUNTER-CURRENT CLASSIFIERS, 
HEAVY-MEDIA SEPARATORS 


ORE AND MEDIA 


Corp. Both Oronite and California Re- | 
search Corp. are wholly owned subsid- | 


iaries of Standard Oil Company of Cali- 


fornia. From 1936-39, he was an in- | 


structor in the chemical engineering 


department of Massachusetts Institute | 


of Technology from which he has two 
degrees, 5.B. and Sc.D. 


REYNOLDS WITH CATA- 
LYTIC CONSTRUCTION CO. 


Thomas George Reynolds has joined | 
the refinery division of the Catalytic | 


Construction Co., Philadelphia, Pa., as 
an executive engineer. Mr. Reynolds 
has been closely associated with petrol- 
eum engineering since 1929, when he 
was an engineering inspector at Stan- 
dard Oil of Indiana in Whiting. He was 
subsequently associated with the M. W. 
Kellogg Co., Continental Oil Co., Foster 
Wheeler Corp., Kellex Corp., and chief 


engineer, J. F. Pritchard and Co. Prior | 
to joining Catalytic, Mr. Reynolds was | 


a process engineer with United Engi- 
neers and Constructors of Philadelphia. 


Mr. Reynolds is a graduate of Univer- | 
sity of Illinois and was awarded a | 
Masters degree in chemical engineering | 
at Columbia University (1942). A | 


member of several technical societies, 
he is a registered professional engineer 
in the State of New York. 


D. D. Walker is now superintendent 
of the soybean solvent extraction plant 


now under construction of the Funk | 
Bros. Seed Co., Bloomington, Ill. This | 


plant will process 200 tons/24 hr. of 
soybeans. Formerly he was associated 


with the Owensboro Grain Co., Owens- 


boro, Ky., as superintendent. 


Paul Kandell has accepted a position | 
with the Bechtel Corp., Los Angeles, | 


Calif., as senior engineer. He was for- 
merly chemical engineer with the Chem- 
ical Construction Corp., New York. 


William B. Dodge, formerly with 
the Joseph E. Seagram Inc. as research 


engineer, is now chemical engineer with | 


the Columbian Carbon Co., Monmouth 
Junction, N. J. 


(More About People on page 59) 
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| The Hardinge Counter-Current Classifier is a rotating cylinder with spiral 
| flights on the inner shell surface. Highly effective as a device for wet 

separation of coarse and fine material, it has recently proven itself one of 
| the most efficient separators built for “sink-float” operations. Very low 
| maintenance requirements. Write for Bulletin 39-B-40. 


HAR Dik @ 


COMPANY, INCORPORATED 


YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works ; 


NEW YORK 17 @ SAN FRANCISCO Il @ CHICAGO 6 © HIBBING. MINN. @ TORONTO 1 
122 E. 42nd St. 24 Cakfornia St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 


A.|.Ch.E. MEMBERSHIP INFORMATION 


S. L. TYLER, Secretary 

American Institute of Chemical Engineers 
120 E. 41st St. 

New York 17, New York 


Dear Sir: Please send me information regarding membership 
requirements. 


Name: Age: 
Address : 
City: Zone : State: 


‘YOU SAVE time and money... 
when you specify HEIL 


long experience and 

complete facilities rantee 

u the best in CHEMICAL- 
ROOF equipment. 


* Process Tanks 
* Acid-Proof Heating Units 


12901 Elmwood Ave. 
HEIL Process Equipment Corporation Cleveland 11, Ohio 
Sales Representatives in All Principal Cities 
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For More Efficient 
Scalping . . Sifting 
Rebolting . Grading 


BAR-NUN 


ROTARY SIFTERS 


The BAR-NUN is a sturdy, compact, 
efficient Sifter designed for heavy duty 
service day in and day out for years! 
Furnished with wood, metal lined or 
metal sieve box, as a complete, self- 
contained machine, ready to install 
and operate. Interchangeable sieves 
can be supplied to handle a wide 
variety of materials. Smooth, complete 
rotary motion, mechanically controlled, 
produces thorough single or multiple 
separations. 9 models—4 to 60 sq. ft. 
of cloth surface. Check and mail the 


coupon for complete information! 


OUT..PASTE ON LETTER: | 


1 HEAD AND MAIL TODAY! 
BF. Gump Co., 1311 S. Cicere Ave., Chicago 50 


1 Gentlemen: Please send me descriptive 
literature and complete information on the 
GUMP-Built Equipment indicated below. 


BAR-NUN ROTARY SIFTERS for grad- 
ing. scalping or sifting dry meterials. 
DRAVER FEEDERS for accurate, de- 
pendoble volume percentage feeding. 


DRAVER MASTER Continuous Mixing 
Systems fer occurate, efficient, uni- 
form mixing. 


VIBROX PACKERS for packing down 
dry materials in begs, drums, barrels. 
AUTOMATIC NET WEIGHERS for 
curately weighing from 3 ox. to 75 Ibs. 
for packaging or pr ing 
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Engineers and Manufacturers Since 1872 


1311 SOUTH CICERO AVENUE 
CHICAGO 50, ILLINOIS © 


CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Prog are payable in 
advance, and are placed at I5c a word, with a minimum of four lines accepted. Box number 
counts as two words. Advertisements average about six words a line. Members of the 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
free of charge per year. More than one insertion to members will be made at half rates. In 
using the Classified Section of Chemical Engineering Progress it is agreed by prospective 
employers and employees that all communications will be acknowledged, and the service is 
made available on that condition. Boxed advertisements one-inch deep are available at $15 
an insertion. Size of type may be specified by advertiser. In answering advertisements all 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 41st Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 20th of the month preceding the issue in which 


| it is to appear. 


SITUATIONS OPEN SITUATIONS WANTED 


A.1.Ch.E. Members 


Project and Design Engineer—-M.Ch.E., B.P.1. 
KAISER Nine years’ experience in process pone. 4 
j ; ment, production, pilot plant and researc 
Aluminum « Chemical laboratory. Rubber, plastics, latex com- 
Corporation pounding, coatings, adhesives and organic 
———— chemicals are my fields. New York City 
Rapid expansion has created excellent location. Box 2-4 
electro-chemical, and metallurgical en- 
gineering. No experience is + encalhenadl Gentes Engineer— With varied experience. 
however, it is preferred that the can- Presently directing process engineers in 
didate be 24 to 28 years of age with overseas refinery. Desire to relocate. Best 
B.S. degree in above-mentioned fitted for responsibility in operations such 
fields and is willing to move as as assistant superintendent or direction of 
further » eee develop. Salary process analysis, plant startup, develop- 
is o raining is to be in the state ment or economics. Box 3-4 
of Ralaneten with possible move to 
Louisiana upon its completion. 
Opportunities for more advanced po- 
sitions are available for men with 


Supervisor-Administrator—Five years’ expe- 
rience drying, milling, evaporation and dis- 
tillation operations. Desire position pro- 

duction or development work. Knowledge 
experience in aluminum reduction. of fermentation; organic chemical proc- 


esses. P.E. license. Technical societies. 
Reply giving full details of educational Draft exempt; veteran. Married; family. 


backgrownd and experience to Location immaterial. Box 4-4. 


Frank H. Wickhorst Conscientious — Originally midwesterner. 


1924 Broadway Have family. Seeking permanent small 
Oakland, California firm tie. Any combination engineering——de- 
” sign. drafting, mechanical or chemical. 
Small town location northern Wisc. or 
Mich Twelve years’ engineering covers 
drafting, design, construction, installation, 
operation. Salary secondary. No big cities. 
CHEMICAL ENGINEERS Box 5-4 


Permanent position in Pilot Plant and i i 
Development work. Southern Loca- Chemical single. 
tion hree (3) to five (5) years’ in- 
dustrial experience; M.S. preferred but velopment ‘ and design. Technic al data; 
not essential honor societies; publications. Desire in- 
dustrial position. Presently teaching. New 
Send resume of background to Kaiser York area preferred Available July |. 
Aluminum & Chemical Corporation, Box 6-4 
Post Office Box 1031, Baton Rouge, 
Louisiana 
Supervising Chemical Engineer — B.S.Ch.E. 
Married, two children Fifteen years’ 
diversified experience production and de- 
Wanted—Associate or full professor of Pe- velopment in synthetic organics and 
troleum Production Engineering in a lead- pharmaceuticals. Desire position in either 


ing institution Must have successful 
professional and research background. production, development or pilot plant 


Prefer man qualified in phase relationships operations. Any location. Box 7-4 
of oil and gas mixtures, petroleum reser- 
voir engineering and design. Work to be- Chemical Engineer—31!, M.S. 1947, pl d- 
» MS. plus 

gin September fifteenth Box 1-4 vanced work. Process research and de- 


Chemical Engineers—-The Hebrew Institute velopment ~ phosphates and cottonseed; 
of Technology (Technion), Haifa, Israel, design and construction of equipment at 
proposes to make further appointments in Oak Ridge; heat transfer research. Avail- 
the Department of Chemical Engineering able August. Box 6-4 
Applications are invited immediately for —EE 
a full professorship in Chemical Engineer 
ing or Industrial Chemistry from appli Chemical Engineer—Nine years’ thorough ex- 
cants with special qualifications in pilot perience plant engineering, maintenance, 
plant work. Applicants should have first purchasing. plant design, layout, trouble- 
rate professional and academic qualifica shooting. Want interesting position re- 
tions and be willing to integrate them quiring creativeness, imagination. Box 9-4 
selves into the life of the country and, , 3 
in due course, to teach Hebrew. All appli 

with full details, should be sent Chemical Engineer—Ph.D.— Eight years’ di- 
— for to versified experience research, development 
to the merican echnion 
154 Nassau Street, New York 386, N 
U. 8S. A.. from whom further details may pes 
be obtained. The Technion reserves the quiring direction work of others in solution 
right to make no appointment to this post of research and operational problems. Box 
if suitable applications are not received 10-4 
Further vacancies in this department will 
(Classified Sec. continued on page 59) 
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HIGH VACUUM PUMPS 
REQUIRE CLEAN OIL 


VACUUM PUMP USERS 


INSTALL HILCO 


OIL RECLAIMER SYSTEMS 
TO KEEP LUBRICATING 
AND SEALING OILS FREE 

OF 


WATER 
ano GASES 


tae HILCO 
RECLAIMER 
is COMPLETELY 
AUTOMATIC 
FOR BETTER VACUUM AND REDUCED 
VACUUM PUMP MAINTENANCE 
COSTS INVESTIGATE THE 


HILCO OIL RECLAIMER 


* WRITE FOR FREE LITERATURE 
BE MADE .. NO OBLIGATION 
ON YOUR PART. 


THE HILLIARD CORP. 
144.W. 4th ST, ELMIRA, 


IN CANADA UPTON BRADEEN JAMES LTD 
990 BAY ST. TORONTO-3464 PARK AVE MONTREAL 


process, steel, textile, food indus- 
tries, etc. Write for bulletin 3-1. 


LININGS 


PROTECTIVE COATINGS 


Time-tested cootings bosed on 
vinyls, styrene, neoprene, ye 
phenolics, furfury! alcohol 

etc. Write tor bulletin 7-1. 


mers, ete 

Rely on Atios’ yeors of experi- 
ence ond recognized te 

to help solve your problems. Write 
34 Weolnut Street, Mertztown, Pa, 


Over a half century of service 


MINERAL PRODUCTS COMPANY 


MERTITOWN. PA HOUSTON. TEXA 


Vol. 47, No. 4 


CLASSIFIED SECTION 
(Continued) 


Chemical Engineer—ChE. PhD. Active 
Member A.LCh.E., A.C.S., Sigma Xi, Tau 
Beta Pi. Desire industrial position requir 
ing thorough application of chemical- 
engineering principles to difficult problems 
Five years of solid diversified industrial 
experience in research, development, de- 
sign, and construction. Four years re- 
sponsible charge of industry-sponsored 
academic research. Two years of chemical 
engineering teaching experience (present 
position). our years non-engineering . 
chemical! industrial experience while attend- 
ing night college. 35 years old, married, 
2 children. Prefer Eastern location. Avail 
able July 15. Box 11-4 


PEOPLE 


(Continued from page 57) 
A. A. Melnychuk has been appointed 


project engineer in the home office of 
the Omega Ma- 
chine Co., Provi- 
dence, R. I. The 
Omega Machine 
Co. manufactures 
chemical feeding 
equipment. 

Mr. Melnychuk 
holds a Master's 
degree in chemical 
engineering. He 
was president of 


| the Junior Chemical Engineers Orgam 


zation in New York City in 1947. Prior 
to his association with Omega Machine 
Co., Mr. Melnychuk was a project engi 
neer for the National Biscuit Co., and 
before that was a development engineer 
with the plastics division of Celanese 
Corp. In his present assignment he will 


| be working on development and research 
| in the problems of chemical feeding as 


they occur in chemical industry, foods, 
plastics, petroleum, pulp and _ paper, 
water and sewage, etc. 


John Van Nostrand Dorr, chairman 


| of the board of directors of The Dorr 
| Co., has been made a member of the 
Legion of Honor of the American In 


stitute of Mining and Metallurgical 


| Engineers in recognition of his 50 years 


of service as a member. This citation 
took place Feb. 21, 1951, in St. Louis, 
Mo., at the annual meeting of that 


| Institute. 


John W. Cross, associated with Mon- 


| santo Chemical Co., was recently named 


to receive a leave of absence at full 
salary for an academic year of study. 
He joined Monsanto in June, 1942, as 
a chemist in the research department. 
He was graduated from the University 
of Pennsylvania in 1942 with a B.S. de 
gree in chemical engineering. At pres 


ent he is a group leader of the process 
| engineering section in the research de- 


partment at Everett. In all 21 Monsanto 
scientists have received academic leaves 
of absence since 1946. 
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KNIGHT- WAR 


Pilot Plant 
Equipment 


‘Te complete functional 
unit above consists of a Knight- 
Ware boiling kettle, heat ex- 
changer and receiver. The boil- 
ing kettle is equipped with 
Karbate bayonet heaters. The 
Knight-Ware parts are protected 
from physical and thermal shock 
damage by an armor of Perma- — 
nite-impregnated glass fabric. 


Equipment to meet all kinds 
of corrosive conditions is built 
to order using the best corrosion 
resisting materials to meet the 
needs of individual problems. 


Some of the Knight products | 
used are: Knight-Ware, an acid- 
and alkali-proof chemical stone- 
ware; Permanite, a new resin 
material that is used alone or re- 
inforced with glass fabric; and © 
Pyroflex, a thermoplastic resin. 7 
Depending on the needs of the 
job, Pyroflex construction often — 
includes steel, Pyroflex, Knight- 
Ware, Permanite, rubber, lead, 
glass, carbon and plastics. Thus 
a complete functional unit is de- 
signed by combining the best 
materials for a specific job. 


MAURICE A. KNIGHT 
704 Kelly Ave., Akron 9, Ohio 


| 
| { 
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| | Corrosion CEMENTS 
& complete line of sulfur bese, 
cements. Write tor bulletin 5-1. | 
“peer” FLOORS 
| Permonent floors for chemical 
| Corrosion proof linings besed on 
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Binks 
INDUSTRIAL 


SPRAY NOZZLES 


Ideal for applications involving oxi- 
dation, evaporation, spraying, 
washing, cooling, condensing, re- 
frigeration. 


Clog-proof: Smooth construction 
plus whirling motion within nozzle 
makes Binks nozzles self-cleaning. 


Full fluid break-up: Binks noz- 
les provide hollow or solid cone 
prays, also flat spray patterns. 


Long, trouble-free life: Simple 
esign...no moving parts...thick 
etal sections assure extra long life. 


Range of sizes...types: Selec- 
ion of orifice diameters, types of 
ozzles, and pipe connection sizes 
om 4%” to 242”. 


Special alloys: Binks nozzles can 
supplied in any machinable al- 
y. obtainable in bar stock. Noz- 
es are regularly made of high 
ality brass. 


nd today for Bulletins 10, 11, 12, 14, 16, 
19, 20 describing Binks Rotojet, Spra-Rite 
Atomizing and Deflectojet nozzles. Uses, 
capacities and 
spray characteris- 
tics are given 

in detail. 


There's a Binks spray nozzle for every spray job. 
MANUFACTURING 

COMPANY 


3126-38 CARROLL AVE., CHICAGO 172, ILLINOIS 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


William R. McLain is now president 
of Kusan, Inc., in Nashville, Tenn. He 
was formerly in the plastic division in 
Henderson, Ky. 


L. A. Lundberg is now associated 
with A. H. Lundberg, chemical engineer 
specializing in paper pulp in Seattle, 
Wash. 


Edward A. Haagensen, formerly 
with Great Lakes Carbon Corp., is now 
manager, Pacific division, Bulkley, Dun- 
ton Pulp, Inc., Pasadena, Calif. 


James M. McKelvey, formerly in- 
structor in chemical engineering, Waslhi- 
ington University, St. Louis, Mo., is now 
a chemical engineer with Du Pont Co., 
Wilmington, Del. 

Raymond K. Cohen, formerly with 
Cities Service Oil Co., Tallant, Okla., is 
now a graduate student at the University 
of California, Berkeley, Calif. 


S. Singh Lamba has been moved to 
the head office of the Pennsalt Inter- 
national Corp. in the Widener Building, 
Philadelphia, Pa. His title is regional 
manager. He was formerly technical 
engineer in the design and development 
department at Wyandotte, Mich. 


H. P. Morrow is now sales engineer 
with the Aluminum Company of Amer- 
ica, Dallas, Tex. He was formerly lo- 
cated at the company’s Pittsburgh ( Pa.) 
office. 


James F. Haring is*at present en- 
gaged as a chemical engineer with the 
Department of the Interior, Bureau of 
Mines synthetic oil plant at Louisiana, 
Mo. He was formerly associated with 
the Missouri Portland Cement Co., St. 
Louis, Mo. 


E. W. Samoden, formerly with the 
Calco chemical division of the American 
Cyanamid Co., has been called back to 
active duty with the Armed Forces and 
is located at Picatinny Arsenal, Dover, 
N. J., as Capt., Ord. Corps. 


S. C. Doshi is now serving as assis- 
tant superintendent of the caustic plant 
of the D.C.M. Chemical Works in Delhi, 
India. 


Harry K. Wheeler, Jr., formerly as- 
sociated with the Standard Oil Company 
(Indiana) is now technical director, El 
Dorado refinery, Pan-Am Southern 
Corp., El Dorado, Ark. 


R. A. Williams has leit the Univer- 
sity of Louisville, Louisville, Ky., and is 
now affiliated with the Holston Defense 
Corp., connected with the Tennessee 
Eastman Corp., Kingsport, Tenn., as a 
senior chemical engineer. 


C. D. Darwin, formerly an independ- 
ent consultant, is now process engineer 
in the chemical department, Waterford 
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plant of the General Electric Co., Water- 
ford, N. Y. 


Jimmie L. Huitt, a former instruc- 
tor in chemical engineering at the Uni- 
versity of Oklahoma, is now senior re- 
search engineer, Magnolia Petroleum 
Co., Dallas, Tex. 


Kenneth H. Hoover is now director 
of research, R. J. Reynolds Tobacco 
Co., Winston-Salem, N. C. He was pre- 
viously with Commercial Solvents Corp., 
Terre Haute, Ind. 


R. A. Gross is now chemical engi- 
neer with Pennsylvania Salt Manufac- 
turing Co., Elkins Park, Pa. He was 
previously employed by Metal Hydrides, 
Inc. 


Joseph Koslov has left Burns & Roe, 
Inc., and has joined the process engi- 
neering department of the Kellex Corp., 
New York, N. Y. 


A. O. Shelby, formerly associated 
with Phillips Petroleum Co., is presently 
employed by Rufnek Products Co., 
Houston, Tex., as chief engineer. 


J. N. Rossen is now serving as chem- 
ical engineer with the Tracerlab, Inc., 
Boston, Mass. 


Necrology 


W. G. KRUMMRICH 


William G. Krummrich, vice-presi- 
dent of Monsanto Chemical Co., since 
late in 1949, and general manager of the 
organic chemicals division since 1948, 
died recently. He was 56 years old. 
From 1917 when he joined Monsanto he 
was given many assignments first doing 
analytical work in the laboratory of the 
John F. Queeny plant in St. Louis. Fol- 
lowing a service period with Chemical 
Warfare Service and after completing 
a correspondence course in chemical 
engineering, he held the position of 
assistant plant chemist, night superin- 
tendent, plant chemist and operating 
superintendent. Still later he was trans- 
ferred to Monsanto, IIl., as manufactur- 
ing superintendent. After an interval of 
four years he was promoted to plant 
manager. He was a former chairman of 
St. Louis Section of A.LCh.E. 


E. H. FRENCH 


Edward H. French, chemical engi- 
neer, and long a member of A.I.Ch.E. 
died recently. He received his education 
at Ohio State University and was affil- 
iated at the turn of the century with the 
Independent Chemical Co., Saginaw, 
Mich. Later he worked for the Norwich 
Chemical Co., and still later with Hilton 
& French, Smethport Research & Test- 
ing Laboratories, Smethport, Pa. 
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Aluminum Co. of America....... 
American Instrument Co., Inc... . .. 
Ansul Chemical Co.............. 


21 
48 | 
Atlas Mineral Products Co........ BUT ALL ARE: FOR 
60 
8 
29 


Binks Manufacturing Co. ........ 
Brown Fintube Co. ............. 


Babcock & Wilcox Tube Co....... | ABRASIVE or CORROSIVE 


MATERIALS--- 
Celanese Corp. of America ...... 27 | 


Chicago Bridge & Iron Co........ HERE are many types of pumps — numerous pump man- 
Chiksan Company .............. ufecturers — but WE SPECIALIZE in pumps for abusive 
Cleaver-Brooks Company ....... applications — pumping slurries, sludges, tailings, acids, hot 


7 
54 
33 
15 
Climax Molybdenum Company ... 55 | liquids. The 2° type “SW-O8." frame 95J, pump is typi- 
45 
39 
4 


cal. Made for a large eastern chemical company to handle 
Cooper Alloy Foundry Co. ....... | sulphuric acid, saturated with chlorine, it hes rendered 
Corning Glass Works .......... splendid service. The vessel on which the pump is mounted 
is of Hastalloy. This single stage inverted entrance pump 


is designed for wet pit submerged operation. Dual radial 
Croll-Reynolds Company, Inc. .... and balanced shaft eliminate deflection and whip 
Dorr Company ..........-++++> 4 —Nagle Pumps run quietly. Designed throughout for easy 
Duraloy Co. ......scececccnces 46 | dismantling. Threaded and bolted impeller can't come 
Fansteel Metallurgical Corp. ..... 51 | loose. Send for Catalog 4906. 
Filtration Engineers, Inc. ......... 50> 


12, 13 | 
Foster Wheeler Corp. ........... 5 


General American Transportation 
Corp... ..Inside Front Cover, 19, 23 


Gump Co., 58 

49 | 

Hammel-Dahl Company ......... 34 

Hardinge Company, Inc. ........ 57 

Haynes Stellite Div. ............ 41) 

Heil Process Equipment Corp...... 57 | ie 

Knight, Maurice A. ............. 59 | Ss VAC U U M 


Louisville Drying Machinery Unit, T MH AT'S 99.99 % P E R F E Cc T 


General American Transportation 


| good enough for your process ? 


National Carbon Division ....... 31 | T 
Nicholson & Co., W. H. ......... 52) easily 
obtained roll- our or 
Proctor & Schwartz, Inc. ae eee 26 | five-stage steam jet EVACTOR, with no 
Read Machinery Division of the | moving parts. Each stage from a technical 
Standard Stoker Co., Inc....... 53 | standpoint is as simple as the valve that 
Republic Flow Meters Co. ........ 6 | turns it on. Numerous four-stage units are 
Sparkler Manufacturing Co. ..... 44 | By Gown to 02 
y thousands of one, 
Standard Steel Corp. ........... 40 | two and three-stage units are maintaining 
Streeter-Amet Co. ............. 52 | vacuum for intermediate industrial require- 
Struthers Wells Corp. .......... 7 | ments - Say all types of processing 
Swenson Evaporator Co., Div. of itti 
Whiting Corp. ........ Back Cover water, aqueous solutions or any volatile to 
. { ’ | under high vacuum and without heat from an outside source, enough B 
Turbo-Mixer Div., General Ameri- | be removed to = the li ars 2%. F., or even lower in the case van ‘cata 
can Transportation Corp....... 23 | tions. This is — the Reynolds “Chill- a Hundreds of 
U. S. Electrical Motors, — ps tae 23 | these have been installed throughout the United States and in several foreign coun- 
U. S. Steneware 


© Why not write today, outlining your vacuum 


CROLL-REYNOLDS CO., INC. 


Union Carbide & CarbonCorp., 16, | 
Vulcan Copper & Supply Co., 
Inside Back Cover | 

Corp., Swenson Evaporator 
Back Cover | 
| 


17 JOHN STREET, NEW YORK 38, Y. 

Inside Front Cover Patt) © Chill-Vectors Steam Jet Evactors Condensing Equipment 
Wiley & Sons, Inc., John......... 56 
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Mr. Insulation says 


“We haven’t found a 
substitute yet for the 
right materials, properly 
applied, to make an 
insulation investment 


To be successful an insulation job must be prop- 
erly engineered. In addition, it must have these 
two important ingredients: 


1... THE RIGHT MATERIALS: service con- 
ditions vary greatly in industrial applications. 
That's why no one insulation can serve as a jack- 
of-all-trades on all jobs. For this reason, Johns- 
Manville uses asbestos and many other selected 
raw materials to produce the most complete line 
of insulations available. These insulations serve 
applications ranging between the extreme tem- 


Johns-Manville 
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peratures of 400F below zero to 3000F above. 


2... THE RIGHT APPLICATION: Here again 
Johns-Manville’s long experience in the field of 
insulation can be of value to you. Insulation engi- 
neering advice plus the services of insulation 
contractors trained in Johns-Manville methods of 
correct application are at your call. 


If you are planning an insulation job why not 
put your problem up to insulation re 
headquarters? Write Johns-Manville, 4 
Box 290, New York 16, N. Y. Ul 


—— INSULATIONS 
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from IDEA to OPERATION 


LCAN 


SAN FRANCISCO NEW YORK PHILADELPHIA 
IM CANADA - VICKERS VULCAN PROCESS ENGINEERING COMPANY LTD. - MONTREAL 
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—then probably you can profit by 


SPRAY DRYING 


By test-drying a typical sample in the Swenson Spray 
Dryer Laboratory, it can quickly be determined whether or 
not your material is susceptible to spray drying. Such tests 
may be arranged at reasonable cost. 


As the result of data secured during such test runs, our 
engineers determine the most efficient, economical design 


for building production equipment. 


Swenson Spray Dryers are now at work on a wide variety 
of materials, many of which were unknown just a few years 
ago. If you are working with a new material, do not over- 
look the economies of spray drying in your process. Swenson 

‘bl 
engineers are glad to offer every possible co-operation 


inside the Swenson Spray 
Dryer Laboratory 


SWENSON EVAPORATOR CO. 
DIVISION OF WHITING CORPORATION 
15690 Lathrop Avenue Harvey, Illinois 


Eastern Seles Office and Export Department: 30 Church Street, New York 7,N.Y. 
In Conede: Whiting Corporation (Conede) Lid., 47-49 LaPlante Ave., Toronto 2 
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